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REPORT OF COMMITTEE ON STANDARDIZATION OF FIELD 
EXPERIMENTS' 

The question of standardizing methods of conducting field experi- 
1 carefully studied by this Committee for several years, 
jiiceming the practices of the majority of the cxperi- 
/orkers in this country has been collected. Wherever 
, 1 methods have been conducted the results have been 
ith the data at hand, the Committee now feels that the 
. / d make a start towards defining and adopting certain 
locating, laying out and conducting the ordinary kinds 
iments. fn certain features of field experimental work, 
no question of the desirability of all workers adopting 
Tarle u)-‘Hclainu In other features, there are doubt- 

•asons for vari.ation, and considerable latitude must be 
Tarir n— A’fVrt/fV'he great variety of conditions under which field experi- 
k' must be done makes it impossible, in certain respects, to 
.inything but veiy general mles Nevertheless, certain 
.ci])les can be set down for making such work more uni- 
the results more accurate 

t the expectation of the Committee that the ado])tion of 
ceriaiii suaiidards at this time should preclude further investigations 
in methods or hinder progress in the development of better methods. 
It should rather stimulate further study, with the understanding 
that the standards and rules now ado])ted are o]>en to revision as 
better methods are devised. 

RECOMMENDED STANDARDS FOR FIELD PLAT EXPEPIMENTS 
IN SOIL FERTILITY 

Location of Experiments r —Soil fertility experiments should be located 
with reference to soil types. The location should l.)e representative 
of the type of soil to which the results of the experiments are to be 

‘Presented at the annual meeting of the vSoeiety held in C'hicago, November 
12, I 923 > hy the chairman of the Committee, Separate reprints of this report 
may be obtained from the secretary of the Society. 
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applied. Only one type of soil should be represented in any one 
experiment. 

Uniformity of Soil .—The uniformity of any piece of land for experi¬ 
mental purposes should be ascertained before beginning experiments. 
A soil profile to the depth of three feet is highly desirable for each 
series of plots. If the history of the land as to system of cropping 
and soil treatment for several years back is not known, it should be 
tested by a uniform system of cropping without soil treatment through 
one or more years until its suitability for the purpose is established. 
Before soil treatment experiments are begun, representative samples 
of the soil and subsoil should be carefully taken for such analyses as it 
may be desired to have for future reference. 

Topography .—For all ordinary field experiments, the land should be 
reasonably level and slope in one direction only; otherwise, special 
precautions must be taken to prevent soil washing. Each plat should 
be graded and slightly crowned in the middle to avoid depressions 
where water might stand or ice might form. This can be accomplished 
by plowing each plat by itself with the back furrow in the middle of 
the plat. Land subject to erosion must be only very slightly crowned. 
This grading or crowning of the plats should be done before any special 
soil treatments are applied. 

Drainage .—^When artificial drainage is required, the drains should be 
located as so to influence all plats alike. Where irrigation is prac¬ 
ticed provision must be made to water all plats at the same time and 
at the same rate. 

Size of Plats .—^While the size of plats must often be governed by the 
number of plats required for the particular experiment and the 
amount of land available, twentieth-acre to tenth-acre plats will 
usually be found most desirable where horse and machine labor are 
to be used. There is seldom any advantage in larger plats. No 
field of any considerable area is altogether uniform. Where a large 
number of plats is required for the experiment, the smaller size will 
usually be most desirable because of unavoidable soil variations 
between the first and last plats of a large series and the time required 
for cultural operations. 

Shape of Plats .—Long and narrow plats laid out crosswise of the 
greatest soil variation are preferable to square or short and broad 
plats because the latter are niore likely to show important differences 
in natural productivity. The long, narrow plats are also most con¬ 
venient in conducting cultural operations. For example, a plat 14 
feet in width can be seeded by one round of a 7-foot grain drill and 
will accomodate four com rows, and generally something near this 
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width should be regarded as a minmittm. Extremely narrow plats 
increase the difficulty of keeping fertilizer or manure treatments 
within the plat limits. 

Marking the Plats .—The four comers of any series of plats should be 
marked by permanent markers set below the bottom of the plow 
furrow as a basis from which to measure in case individual plat 
stakes should be moved out of line. Markers for individual plat 
boundaries should be set in the tumways even with the surface of 
the ground so that implements will pass over them. 

Frequency of Check Plats .—Uniformly treated plats through which 
to compare the different treatments in the experiment should be 
regularly distributed throughout the series. At least every foiuth 
plat should be such a check. Having every third plat a check is 
preferable since this provides a check plat on one side or the other of 
each differently treated plat in the experiment. 

Treatment of Check Plats .—^All check plats should receive a uniform 
soil treatment that will maintain them in a reasonable state of pro¬ 
ductiveness and make possible a normal growth of each crop in the 
rotation. This will pro\dde a uniform standard of comparison through¬ 
out the duration of the experiment 

I 'Htreated Plats.— One or more plats receiving no soil treatment 
whatever should be included in each series of plats employed in the 
experiment to show how the soil naturally behaves under the par¬ 
ticular system of cropping to which it is subjected. In large series, 
there should be one such untreated plat at each end and one in the 
middle. 

Replication of Treatments. —^I'he complete series of treatments, in¬ 
cluding check plats, should be repeated as many times as there are 
crops in the rotation employed. Thus, with a 4-year rotation there 
should be fom series of plats in each of which the entire set of treat¬ 
ments is related in the same order. This provides for growing 
every crop in the rotation every year, subjects every crop to the 
same seasonal influences, and gives four differently located plats to 
get a fair average of the effect of each treatment on the particular 
soil type for each crop as well as for the rotation as a whole. When 
the experiment deals with a single crop, the entire series of plats 
should be at least duplicated on the same soil type. In general soil 
fertility tests, at least three crops of different classes should be us^, 
as, for example, a cultivated crop, such as com, a small grain crop, 
and a clover or grass crop. 

If^spaces and Borders .—The plats in all soil productivity series 
should be separated by untreated interspaces at least three feet in 
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width. Where com or other cultivated crops are included in the 
rotation, the interspace may conveniently consist of one row planted 
in the middle of the space and removed at harvest time. For small 
grains and hay crops the interspace may be either sown the same 
as the plats and cut out at harvest time or it may be left unsowed 
and kept clean by cultivation There should also be interspaces be¬ 
tween the outside plats and borders. 

The entire series of plats should be surrounded by regularly planted 
side and end border strips to be cut off at harvest time. Such borders 
should be at least 3 feet wide or equal to one or two hills or rows 
where cultivated crops are included in the rotation. Borders and 
division strips set with permanent grass may be substituted for 
cultivated borders and division strips, and may be advisable where 
there is danger of soil washing from one plat to the next. 

Uniform Stand cf Plants .—Only tested, high quality, acclimated 
seed should be planted. Wherever possible seed of a pure line or of 
an especially pure .sort should be used. The seed bed must be uni- 
fomily prepared and the rate and method of seeding should be such 
as to secure a uniform, normal stand of plants on all plats. Hill- 
planted crops should be planted thicker than required and then 
thinned to the desired stand soon after the x)lants are up. It is often 
wise to ])lant extra hills for transplanting to fill up gaps in the stand. 

Use of Check Plats in Making Comparisons Between Differently 
Treated Plats .—Wheh frequent, uniformly treated and equally dis¬ 
tributed, check plats are employed it is usually most satisfactory to 
assume that the difference between any two check plats is uniformly 
progressive and calculate a normal check yield for each intervening 
plat as a basis for determining the effect of the particular treatment. 
While this method is .seldom, if ever, strictly accurate, it is usually 
better than to compare directly with the nearest chec^ plat or with 
either the average of the two nearest checks or theavemge of all the 
check plats in the series. It is therefore recommended that calculations 
of increases produced by treatments be based on the assumption 
that the difference between the two nearest check plats is imiformly 
progressive. Thus, if x.)lats i and 4 are uniformly treated check 
plats and plat i has produced 50 bushels of corn and plat 4 has 
produced 53 bushels, it should be assumed that plat 2 would have 
produced 51 bushels and plat 3 would have produced 52 busshels, if 
they had received the same treatment as plats i and 4. Then, if plat 2 
actually produced 56 bushels, the increase credited to the treatment 
would be 5 bushels and if plat 3 actually produced 58 bushels the 
inesrease credited to the treatment would be 6 bushels. 
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Cultural Opejations ,—^All cultural operations except plowing should 
be conducted lengthwise of the plats to avoid all possibility of moving 
soil or fertilizer materials from one plat to another, except perhaps 
that hill planted crops may be cross cultivated once or twice to clear 
out weeds, using implements that will not drag the soil. Plowing 
should usually be crosswise of the plats with a double or right- and 
left-hand plow, beginning at one end of the plats and turning all the 
furrows one way and leaving no dead-furrow. Where grass division 
strips are used, the plowing should be lengthwise and all plats should 
be plowed on the same day. The direction of turning the furrow 
should be alternated at successive plowings. Any one cultural 
operation should be performed with only one implement without 
change of adjustment and should be completed on the same day. 
Interruptions in cultural operations may cause serious differences in 
crop development.. For this reason, in large series, two or three im¬ 
plements of the same make, and similarly adjusted will hasten the 
work and avoid delays which may otherwise be caused by weather 
conditions. 

Determining Yields .—Yields should usually be determined byhar* 
vesting and weighing the produce of the entire plat. The produce 
must be uniformly dried before weighing. In case this can not be done, 
the moisture content should be determined and proper corrections 
made before recording the weights. 


RECOMMENDED STANDARDS FOR FIELD EXPERIMENTS WITH 

FARM CROPS 

The Seed.- -All seeds used for planting shall be of known vitality 
and free from mixture, weed seeds, and contamination or infection by 
plant diseases, so far as this can reasonably be accomplished. All 
seeds for any particular experiment should be kept under the same 
storage conditions. So far as possible seeds should be graded to a 
standard size as an aid to securing uniform stands of plants. 

Except where adaptation of varieties or effects of previous environ¬ 
ment is an essential part of an experiment acclimated seed only shall 
be used. In varietal tests of com, where crossing make a strict 
observance of this rule impractical, it is recommended that seed be 
used that has been grown as near as possible to the locality where the 
test is to be conducted. 

Careful efforts to identify unknown varieties introduced into ex¬ 
perimental work should be made before publication of results and new 
names should not be applied except in case of necessity. New vari- 
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eties should be named as soon as it is decided to release them for 
general use. Records of the history of all seeds used should be made 
and kept on file. 

The Sc?//.—The soil for experimental plats should be as nearly as 
possible of the type prevailing in the area where the data from the crops 
grown on them are to be applied. 

Where artificial drainage is required, the drains should be located so 
as to influence all the plats alike. Where irrigation is practiced the 
applications of water must be regulated and made the same for all 
plats. 

The lay of the land and the general condition of the soil should be 
as uniform as possible. Slopes steep enough to wash materially 
must be avoided. It is important that for several years prior to its 
use for experimental purposes, the cropping, fertili^iation, and tillage 
of the land shall have been uniform. 

Good rotation accompanied by ordinary fertilization are necessary 
in varietal and cultural work to keep the productivity of the soil up 
to normal. 

When a field, or series of plats, has been occupied by varietal or 
cultural tests, at least one bulk cro]? should intervene before it is 
again used for such tests. 

The Plats .—As a rule, relatively long and narrow plats are to be 
preferred, both because of convenience in using machinery and be¬ 
cause of greater accuracy on uneven land, in which case the plats 
should be laid out so that all will partake alike in the inequalities of 
the soil. The width of plats should be sufficient to allow for the 
removal of border rows, as hereinafter provided for, and to permit 
the most convenient use of machinery. Plats 5 feet or more in width, 
for small grains and forage crops, and wide enough for four rows of 
intertilled crops, such as com and potatoes, are generally satisfactory'. 
The length of plats may be determined largely by the* amount and 
character of the land available. In general, field plats should not 
be smaller than one-eightieth nor larger than one-twentieth of an acre. 

Wherever possible all the plats of an experiment should be located 
on the same piece of land. When, for lack of sufficient space, it 
becomes necessary to locate part of the plats in any particular experi¬ 
ment on a different piece of land, the break should always be made 
where a replication of varieties or treatments begins. 

For rotation work and for ascertaining the effect of crops on those 
which follow, it is necessary to establish permanently the boundaries 
of each plat by setting suitable markers. For these purposes, plats 
should be at least i rod wide. 
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Check plats. —^Adequate replication of varieties or treatments re¬ 
moves the necessity of including check plats. If check plats are includ¬ 
ed for the purpose of deriving probable errors from yields, a large 
proportion of such plats appears to be necessary. If a check variety 
is used in varietal tests, it should be used on every third to every 
fifth plat and it should be a standard, well adapted variety. 

Replication of Plats. —The number of years a test is continued, 
together with the number of plats devoted to any one variety or 
treatment and the size of the plats, relate definitely to the probable 
error for any particular test. When single plats of varieties or treat¬ 
ments are used, the probable error will average lower on tenth-acre 
plats than on plats of smaller size. The increase in probable error on 
successively smaller plats is relatively small when the decided reduc¬ 
tion in size of plats is considered. By repeating varieties or treat¬ 
ments a sufficient number of times on regularly distributed plats of 
any size suitable to the purpose of the experiment, the probable error 
for the test may he considerably reduced. For ordinary conditions, 
from two to five replications are recommended. Two plats of any 
variety or treatment continued through four years, or three plats 
continued through three years should be regarded as the minimum. 

Removing Outside Roves.— When varieties are planted adjacent to 
each other, without the inters^ention of alleys, certain ones may 
affect others adversely. When plats are flanked or surrounded by 
alleys, it is known that the yields are increased and that all varieties 
are not influenced alike. To ob\nate these difficulties, it is recom¬ 
mended that two drill rows from either side of each plat in the case 
of small grain, and an equivalent width in the case of broadcasted 
grains or forage crops, and one row from either side of each plat in 
intertilled crops, be either removed before harvest or left unharvested. 

The Mechanical Operations.- -Drills and planters should be carefully 
calibrated before seeding. A check on the stand should be secured 
by coimting plants before tillering takes place. In the case of the 
larger intertilled crops, the seeding should be somewhat thicker than 
necessary and the stand thinned to the desired degree at an early 
stage of growth. In varietal tests where different varieties have differ¬ 
ent sized seeds, the rate of seeding drilled or broadcasted crops should 
be adjusted so as to get as nearly as possible the same stand of plants 
for all the varieties in the test. With hill planted crops such as com, 
in which large and small varieties are included in the same test, 
there may need to be two or three different rates of planting of 
certain varieties so as to insure fair comparisons. 

All operations should be uniform for any one experiment. Ploudng, 
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seeding, or any one cultural operation should be begun and finished 
on the same day. 

Determining Yields .—^When it is impractical to harvest and de¬ 
termine yields from entire plats, a minimimi of six representative 
rod-rows or square yards, or other areas of similar size, uniformly 
distributed within the plat, avoiding borders, may be used. 

Two capable men should be present at all times when weighings 
are made, with definite instructions that all weights must be checked. 

In determining yields, possible differences in the moisture content 
of the crop should be considered and moisture determinations and 
proper corrections made when necessary. This is of special import¬ 
ance in tests with forage crops and in the case of late maturing 
varieties of com. 

The results of varietal tests on rich land should not be averaged 
with those on poor land, but should be used separately with the view 
of determining the adaptability of the varieties to each condition. 

The Publication and Interpretation of Results .—It is recommended 
that sufficient data be published to permit the reader to draw inde¬ 
pendent conclusions. 

For technical and semi-technical publications it is recommended 
that, so far as practicable, probable errors with the author’s accepted 
odds or the probability, be given, together with such data as will en¬ 
able the reader to determine how they were derived. In experiments 
where probable error calculations are not feasible, it is nevertheless im¬ 
portant to keep the probable error concept in mind when interpreting 
the results or drawing conclusions. Even in popular articles, regard 
should be given to the probable error concept. 

New varieties, cultural methods, or treatments materially different 
from those in common usage should not be recommended for general 
use imless supported by at least three years of replicated and carefully 
conducted field experiments within the area for which the recom¬ 
mendations are made. This shall not be interpreted as sanctioning 
such recommendations simply because th^ are supported by the 
minimum of experimental data nor as discouraging the early publica¬ 
tions of experimental results for the benefit of technical workers. 

A. T. Wiancko, Chairman,. 
S. C. Salmon, 

A. C. Amy, 

H. H. Love, 

C. A. Mooers. 
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REPORT OF THE COMMITTEE 
FOR THE IMPROVEMENT OF LABORATORY WORK IN THE 
INTRODUCTORY COURSE IN FIELD CROPS^ 

In the beginning the Committee meets the following predetermined 
conditions: 

1. In nearly all colleges the introductory course in field crops 
aims to instruct in (a) the best practices for local production and in 
(b) matters more technical or cultural. The two objectives are of 
course interrelated, inseparable and mutually dependent for their 
interest and value; nevertheless practical instruction is generally of 
primary importance. 

2. All male agricultural students are required to take this course 
(it may be divided into grains and forages, given in separate semes¬ 
ters) ; or a majority of students take it by choice. 

3. Although many students take advanced courses in field crops, 
by election or requirement, the majority take only the introductory 
course. There are only rare exceptions to this condition. 

Therefore this study must begin with the understanding that in 
nearly all colleges of agriculture the majority of students receive their 
only systematic training in field crops from an introductory course 
mainly in practical ])roduction Whether this truly indicates the 
best possibilities for instruction in field crops or is simply the result 
of curricular limitations are questions which may not be appropriately 
discussed at this time. The situation mUvSt be accepted and its 
influence upon the nature of the problem recognized. 

THE TYPEvS OF LABOPATORY STUDIES AND THEIR RELATION TO 

LECTURES 

IVo clear tyj)es of laboratory studies may he defined. One type 
deals with additional subjects which are less adapted to treatment 
from the lecture chair and thus is a com])lement of the lectures in 
rounding out the course as a whole. Its total value bears the same 
relation to the total value of the lectures that one complete lecture 
bears to another. Each- -the lecture or the laboratory study -is 
complete in itself and is related to the other only in a general sense. 
The other type supplements lectures on the same subject or makes 
applications of them. Its total value bears the smne relation to the 
total value of the lectures that one part of a coherent lecture bears 
to another part. They— the lecture and the laboratory study—are 

Tresepted at the annual meeting of the society held in Chicago November 12, 
1923, by the chairman of the Committee. 
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in this Case two parts of the same thing and are mutually dependent 
and mutually indispensable. 

But it does not follow that a teacher must employ exclusively one 
or the other of these types of laboratory study for the best practical 
results. Both types may be used in the same course if desired. 
Nor is it even necessar}' that every lecture have a laboratory counter¬ 
part. Some lectures are complete in themselves or their subjects 
are unadapted for laboratory study under ordinary circumstances. 

As a general consideration on this point, the Committee will pre¬ 
sume to state two maxims (a) the profitable utilization of local 
facilities and resources is often more important than consistency in a 
given scheme of instruction; and (b) when the lectures and the 
laboratory study are coordinated, the laboratory period should be 
spent in emphasizing only the salient points of the lecture. 

THE PREFERABLE TYPE OF LABORATORY STUDY FOR AN INTRO¬ 
DUCTORY COURSE IN FIELD CROPS 

What should be the type of laboratory study for an introductory 
course in field crops whose main purpose is to give to the majority 
of its students the only systematic training which they are likely to 
receive in this subject" Clearly the course, as a whole,, must be 
practical. To be practical it must make applications. Clearly the 
laboratory period is the ])roper time to make thevSe. Therefore the 
type of laboratopy' study which coordinates closely with the lectures 
and makes applications of their salient points is preferable. It is 
ideal in any course with practical objectives 

Necessarily the salient points of such a course vary, with the 
emphasis on principles or factors which are concerned with local crops 
and local practices and are therefore to some extent locally de¬ 
termined. When laboratory studies are coordinated with lectures a 
variation in one is paralleled in the other. Therefore no course 
plan for either can be universally followed in detail and serve most 
effectively the great variety of local interests. 

But many principiles or factors in crop production are everywhere 
recognized and some of them are suitable for study in the laboratory 
of an introductory course. The Committee will not outline such a 
study, for its purpose is to suggest suitable material rather than to 
recommend a procedure for its use. Hence only the following 
subjects are named as being those which are important for laboratory 
study nearly everywhere. 

The distribution of crop^. —brief study of the relative areas and 
locations of important crops. 



COMMITTEE REPORT: LABORATORY WORK WITH FIELD CROPS IQ 


Varietal adaptation. —Varietal identification, the laboratory counter¬ 
part of this principle, is highly important and demands important 
attention. 

Good seed—A very broad factor whose study is well adapted to the 
laboratory period; including identification, analysis of quality, 
practice in judging quality, and the practices in selecting, storing, 
and treating seed. 

Seeding practices, harvesting, hay making —Important factors whose 
adaptation to laboratory study is seasonal and dependent upon field 
facilities. 

Ensilage—A subject almost universally important, for which an 
effective laboratory study is easily devised 

Plant association and cennpetition, management of meadinvs and pas¬ 
tures, crop rotation —Highly important factors, eKcellent fi)r field study 
w-hen facilities are adequate. 

Weeds, diseases, insects- -Important factors whose recognition and 
practical control are well adapted and appropriate for laboratory^ 
study, either indoors or afield; i)rovided the study is restricted to 
the most important enemies of local crops 

Crop grodfng--Ev'-ery'where the gradingof oneormorecr()ps--grain, 
hay, cotton, potatoes, etc.,—provides important subjects for labora¬ 
tory study which, in spite of mechanical difficulties, should receive 
appropriate attention. 

Of course, this list by no means includes all subjects suitable for 
laboratory study. It sim])ly sets uj) a group of conventional and 
highly important subjects whose lecture coordinates are found in 
nearly all well develo])ed courses. They alone can furnish, if nec¬ 
essary, abundant material for a full laboratory course; for some of 
them can be extended very broadly. Local studies or studies pro¬ 
vided only by extraordinary circumstances ma\^ be added when 
important or convenient. 

vSOME NEW MATERIAL AND A NEW METHOD OF LABORATORY 

STUDY 

Neither the material nor the method which is now t<i be proposed 
is actually new, except in usage. Respectively, one is commonplace 
and the other almost obvious; but together they make a new com¬ 
bination. This report has already (a) indicated a preference for a 
t5^e of laboratory study which coordinates closely with the lectures 
and makes practical applications of their salient points and (b) sug¬ 
gested a list of subjects which doubtless have lecture coordinates in 
nearly all introductor}^ courses. There is now suggested a medium 



20 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


through which these and other subjects can be studied with increased 
efficiency. 

Take the questions asked by farmers in correspondence, select and 
classify them according to laboratory subjects, and present them to 
the class as illustrative material. Briefly the idea is—teach laboratory 
subjects partly through the medium of practical farm problems. 
Use the problem as an aid in the practical application of a salient 
point. For example, if seed storage, weeds, or hay making are being 
studied one can (a) greatly enliven class interest by stating farm 
problems common to these subjects or (b) assign to the student actual 
problems in the subject under study Or, both can be done. At 
least one member of the Committee has undertaken such a system¬ 
atic use of actual farm pn^blems, with the most satisfactory results. 
The students at once begin to think in terms of crop production 
problems AVhat to do and how to do it? Thus an intelligently 
curious state of mind is developed, which is the great desideratum 
good teachers sometimes dream about. 

Even the teacher himself sometimes is not without benefit from the 
use of this material, for he may gain new ])oints of view or find new 
emphasis of old ones. But he must avoid the common liability of all 
problem methods of study to one thoroughly bad condition, namely, 
an indigestion of practical facts, which leaves the student without 
systematic knowledge of the subject itself. The teacher will avoid 
this when he subordinates the problem to the subject-“-makes the 
problem merely an illustrative case. He must make the discussion or 
the solution of the problem not an end in itself, but merely a means 
to an end. This is analagous to the case method of teaching law 

THE USE OF BOTANY 

However, not all laboratory subjects can be properly studied 
through the medium of farm problems vSome present ntunerous 
technical details and so require a systematic, technical analysis for 
good understanding of them. Most of this kind of subjects are 
botanical in character and are concerned principally with the identifi¬ 
cation of varieties of croyis They must therefore be studied by 
taxonomic methods. 

This brings up a much mooted question among the makers of field 
crops laboratory outlines. How much botany? If students came 
to these courses with a fair working knowledge of the morphology 
of crops plants the answer would be easier. But more commonly they 
seem to lack even the rudiments of this knowledge. Perhaps it 
was not emphasized in their botany course, although it is by far the 
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most important botanical equipment for the elementary study of 
field crops. Perhaps it cannot be emphavsized without destroying 
the symmetry of the conventional course in botany, in which case it 
will be well to sympathize with the botany teacher’s ideals and to 
accept the situation as it stands. 

Under these circumstances students must first review the essential 
morphology of crops plants and be taught how to use it; this to be 
followed by practice in identification, determination of botanical 
groups, or whatever the application may be. But isn’t this about 
enough'^ Is there not a tendency to study crops botany to the ex¬ 
clusion of subjects more important for the majority of students, who 
are, as has been said, taking their onl}’' course in field cropsThis is 
wrong, of course. Even to set up crops botany as a definite subject 
for study in a field crops laborator\', rather than to use it distinctly 
as a means of studying a jirinciplc or factor in crops production, is 
another proceeding whose propriety is at least debatable Aside 
from considerations of proportion and propriety, there is nothing so 
deadening to the average student’s interest in the whole course as 
an overdose of botany. His primary object is to know how to grow 
crops, not how to draw them. It should be said, however, that there 
can be no objection to a reasonable use of drawing as a method of 
analysis. The argiunent is against the incompetent teacher who 
exercises his students in botanical drawing because he can think of 
nothing better: while all around him, though he does not see it, is a 
wealth of important subject matter. 

The Committee cannot an.swer completely the question it has 
raised. Indeed if there really is an answer it is only the generalization 
that the best use of crops botany is in the direct solution of such 
definite prc^blems of crops production as arc in themselves suitable for 
study in the laboratory of our introductory course. Let the teacher 
first carefully choose the problem or unit of knowledge which his 
class is to solve or acquire; let him state the problem or outline the 
unit; then let the class, with botany as an instrument, proceed to 
the solution or acquirement. The teacher should tell his class where 
it is going and give it the means to get there. 

If this suggestion is clear, it covers the case. It should be em¬ 
phasized, however, that this discussion applies only to the introduc¬ 
tory course; such an introductory course as must be taught under 
the predetermined conditions mentioned in the beginning of this 
report. There are, to be sure, additional necessities for the use of 
botany in advanced studies of forages and cereals, and no one will 
belittle these in their reasonable proportions. 
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THE FIELD LABORATORY 

The chief difficulty in teaching field crops is the lack of live illus¬ 
trative material during most of the term. Seeds and plant specimens 
cannot take the place of growing crops, though used ever so ingeni¬ 
ously. Imagine, if you can, a course in live-stock judging 
illustrated only with stuffed animals- 

But although in the nature of things this handicap cannot be 
completely removed, it can in a large measure be offset by adequate 
field facilities and the concentrated use of them at opportune times. 
Ample facilities for the production of specimens should be provided. 
But of even greater importance are facilities for illustrating cultural 
methods, or actual practices. These are indispensable if students 
are to achieve a real degree of craftsmanship, in understanding if 
not in actual skill. Even the most sound and complete verbal dis¬ 
cussion of the advantages of a given practice is inadequate for a stu¬ 
dent who cannot visualize the practice itself. Imagine the costly 
mistakes of a poultryman who had been instmeted only verbally in 
poultry practice’ The Committee does not share the state of mind 
of a speaker who not so long ago questioned why field crops courses 
were so bad. Rather it is surprising that they are so good. 

The teacher is fortunate who, in addition to his field laboratory, has 
the opportunity to give his class at least some elementary'' ideas of 
the methods and significance of field experimentation. A good 
teacher can make any plot in an experiment station field yield to his 
class something toward the development of a principle or factor, the 
solution of a problem, or the illustration of an idea. Simplicity is 
necessarily and desirably the keynote of this type of instruction. 
It should be stated in simple, practical terms what the experiment is 
designed to find out, how the search is being made, and what is the 
probable usefulness of what may be found. Problem, method, ap¬ 
plication. If it is thought that there can be found in an experiment 
station field nothing valuable for an elementary class, there should 
be considered the example of the great Aggasiz who, for final proof 
of a graduate student’s mastery of his subject, would require him to 
write a child’s story from his scientific treatise. Elementary students 
may be given much valuable instruction in an experiment station 
field; and in a few of them an ardor for investigation may be stimu¬ 
lated. 

The tremendous value of the field laboratory should be realized; 
no effort to secure it for our students should be spared. They are 
as much entitled to its advantages as students or animal hu^andry 
or dairying or poultry are entitled to the splendid equipment of 
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these branches. It should be the favorite log of the agronomic 
Mark Hopkins, 

FINAL STATEMENT 

The Committee has endeavored: (a) to present an analysis of 
laboratory studies for an introductory course whose nature is partly 
predetermined; (b) to suggest sound material for such studies; and 
(c) to present good reasons for its use. The suggestion of details of 
either material or procedure has been avoided, because of the belief 
that on a common basis the individual teacher can best develop his 
laboratory' work as an integral part of the kind of course which he 
wishes to give or is influenced to give by his consideration of institu¬ 
tional policy He may focus his course upon local objectives or he 
may give it a scope as broad as the whole country'. To cither 
procedure, the Committee’s considerations and suggestions are ap¬ 
plicable. 

The question of the relation between this report and a previous 
report by the Committee on lectures may arise. They are both 
perfectly related and perfectly independent A laboratory'' outline 
may be based on the salient points of the lectures (note the lecture 
details, Jour. Amer. Soc. Agron 14:120 to 134); the ideas in the 
present report may be utilized to coordinate with an individual 
lecture outline of your own; the substance of both reports may be 
coordinated. 

If there might now be expressed in a word the soundest philosophy 
on which to base the instruction of an introductory class in field 
crops, whose majority will probably receive no further systematic 
training in this subject, this word would be— application. Avoid 
teaching merely theoretically or merely scientifically about a thing, 
to such a class; rather teach the thing itself. Emj)loy a plenitude of 
theory and science, to be sure; but bend it hard in the service of 
practical objectives. 

Respectfully submitted, 

W. C. Etheridge, Chairman, 

J. 0 . Morgan, 

M. J. Funchess, 

M. L. Fisher, 

E, G. Schafer, 

T. K. Wolfe, 

J. W. Zahnley, 

A. C. Arny, 

H. P, Cooper, Committee. 
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EDAPHOLOGY^ 

T. L. Lyon and H. O. Bitckman^ 

The body of knowledj^e relating to the nature and properties of 
soils is fast crystallizing into a science. Like naany other sciences, 
its component parts have resulted from the application of several 
older sciences to the study of the material with which it deals. The 
chemist, the geologist, the physicist, and the microbiologist have all 
been contributors to the study of soils. In enlisting the sendees of a 
number of older sciences, this study resembles some of the other 
recently established sciences. Because the plant physiologist may 
attack his problem in research provided with the tools and methods 
of chemistry, he is none the less a botanist. The anthropologist may 
bring to his subject a training in one or more of many sciences. 

There is ik^ rule that marks the point at which a'subject ceases to 
be a branch of each of several sciences and becomes a science in itself. 
Probably the boundaries arc determined by themenwho do the work. 
Formerly the chemist dealt with the composition of vSoils, the geologist 
with the decomposition of rock and the formation of soil, the bac¬ 
teriologist with the activities of the genns inhabiting the soils. In 
each case their work was regarded only as an application of the older 
science to an uncharted and unassigned field. 

The beginnings of a science may possibly be considered to be made 
when men devote their entire time to that subject, provided, of 
course, that it falls within the definition of a science in other respects. 
In this sense the study of soils may be called a science, for most 
agricultural colleges now have men who devote their entire time to 
that subject. 

An important step towards the formation of a science was affected 
when a classification of soils was attempted, for with it comes the 
differentiation which, altho it may not be perfect, gives opportunity 
for the study of individual soils, necessitates a terminology which 
promotes exactitude, and tends to obviate confusion by distinguishing 
between the soils on which different investigators may be working. 
A classification of the subject matter of a science is one of the early 
movements in its development. 

Assuming that we have at least a budding science based on the 
knowledge that has accumulated regarding the nature and properties 
of soils, it then becomes desirable to find a name by which to dis- 

^Contribution from the Department of Agronomy, Cornell University, Ithaca, 
New York. Received for publication, November lo, 1923. 

^Professors of Soil Technology. 
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tinguish it from other sciences. Obviously the name should indicate 
something of the nature of the science and if it conforms with the 
nomenclature used for designating other sciences so much the better. 
Preferably it should be one word only. There are not many sciences, 
possibly none, with a two- or three-word name. 

The term agronomy was the result of a happy thought on the 
part of someone. It has been useful and will continue to be, for it 
covers the study of soils and field crops which will doubtless continue 
for a long time to form a unit in the organization of technologists in 
those fields. It is, however, too broad a term to be applied to the 
study of soils alone. Soil technology and soi] science have served a 
useful purpose. They have the advantage of being comprehensible 
to the man in the street and the disadvantage of cojisisting of two 
words They both possibly fall somewhat short of implying the end 
and aim of the study of soils by the agronomist. 

In an endeavor to find a term that will consist of one word and also 
conve\ an a^fronomic implication the word “edaphology” has been 
proposed. It is derived, of course, from Kdaphosy the Greek word 
meaning ground, foundation, base, etc. The term edaphic is in use 
by botanists to denote the relation of the plant to its soil environ¬ 
ment. I'hc agronomist's interest in the soil is based on its agricultural 
utilization. It seems fitting that the word used to represent the 
study of soils should connote the plant relationship. This term has 
the advantages entunerated above. It has the disadvantage of 
being new and perha])s somewhat cumbersome. 

Another use of the same root has been suggested in the term 
“edaphics” which has brevity to commend it. Also, the adjective 
“edaphic” is less awkward than “edaphological.” Ontheotherhand, 
“edapho]og^^” proclaims the science wdiile “edaphics” does not nec¬ 
essarily do so. 

The terms “pedology” and “agrogeolog>^” are already in use. 
They are somewhat more rCvStricted in meaning than are the two 
terms previously mentioned. They have been used to designate the 
classification of soils rather than the entire field of soil science. 
Neither connotes the plant relationship. 

Whatever may be the advantages and shortcomings of any of these 
terms, there can be no doubt there is need for a word that will have 
the following meaning—the science of the nature and properties of 
soils in their relations to plant growth. 
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AVAILABILITY STUDIES UPON HIGH POTASH NITRATE^ 

R. V. Allison- 

While “High Potash Nitrate” has not, as yet, become prominent 
as a source of plant food, several thousands of tons are produced 
annually from the “calische” of the Chilean nitrate mines and dis¬ 
tributed in the fertilizer markets. Since it is now readily obtainable, 
a series of tests of the availability of the nitrogen and potash of this 
material seemed worth while, and have been carried out under both 
greenhouse and field conditions. While the detailed results of these 
studies need not be presented here, sufficient data will be given to 
indicate the nature of the crop response to this material as compared 
with that from the nitrogen and ]wtash in other products. 

In appearance the commercial salt is quite similar to the well- 
known sodium nitrate, though it is considerably lighter in color. 
The material used in these studies contained 15.0% potash and 15.6 
percent nitrogen as nitrate as detennined by the Devarda alloy 
method 

GREENHOUSE STUDIES 

Several different studies in the greenhouse showed essentially the 
same results, hence only the r\x‘ series with a Sassafras gravelley loam 
soil will be presented. 

The soil used in this study had been cropped in cylinder experi¬ 
ments for fifteen years and during this time had received no commer¬ 
cial fertilizers or manure. The maximum water holding capacity of 
the soil by the Hilgard method was found to be 36.9%. The cultures 
were prepared with four kilograms of the soil per pot (glazed stone¬ 
ware jars) and planted to rye on June 28th. All cultures were 
prepared in duplicate and the treatments made as outlined in Table i, 
where also the relative dry weights of the crop are recorded. The 
rye was harvested on August igth and followed by popcorn. The 
detailed data for the latter crop are omitted from this report. 

The results set forth in the Table i show that the response of the 
plants to both the potash and the nitrogen of this material compares 
favorably with that to the combination of sodium nitrate and potas¬ 
sium sulfate. Thus, while there is but slight response to phosphate 
(106, as compared with the check) or potash (106 and 109) alone, 

Taper No. 151 of the Journal series of the New Jersey Agricultural Experiment 
Station, Department of vSoil Chemistry and Bacteriology, New Brunswick, N. J. 
Received for publication November 19, 1923. 

^Research Assistant. 
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the response to nitrogen is marked (155 and 204). Phosphate, 
however, gave added values when applied with nitrate (155 and 204 
without phosphorus versus 134 and 151 with it.) In support of the 
statement above as to the efficiency of the high potash nitrate, it is 
to be noted that in the more balanced applications of all the elements 
in quantities of 2X for nitrogen and potash, the combination of sodium 
nitrate and potassium sulfate gave a relative yield of 28 q while 
with the high potash nitrate it is 2 qi . 

Table i. —Comparahvi response of rye to fertilizer treatments with various sources 
of nitrogen and potash including, '"High Potash Nitrate.'' 


Culture No. Treatment 

(In duplicate) 


1. 

2 

3 - 

4 

5 

6 

7 

8 . 

9 

10 

11 

12 

13 

14 

*5 

16 

17 

18 

19 

20 


Check (Nothing) 

Phosphoric acid* 

(X) Sodium nitrate** 

(2X) 

(X) Potassium sulfate*** 

.(2X) 

.PaOs*and (X) NaNO^** 

. “ “ (2X) 

. “ “ (X) K,S 04 *** 

. “ “ (2X) 

, “ (X)NaN()3and (X) KavSO, 

“ “ (2X) “ “ (2X) “ 

“ “ (X) HIGH POTASH NITRATE 

“ (2X) 

“ “ (2X) N. as ammonium sulfate 

“ “ (2X) N. as dried blood 

.2-8-2! 600 lb. per acre (NaNOj and KiS04 as basis) 
4 - 4 - 4 } 

2-8-2?600 lb. per acre (nitat iwash nitrate as basis) 


Relative 
dry weight 
of crop 
. 100.0 

106.7 
.154.8 

203.8 

109.2 
106.0 

206.1 
.232.0 

134-4 

151.9 

236.6 
289.0 

225.3 

291.2 

287.7 

101.7 

155.7 

174.6 

174.6 

234.7 


The maximiun production is to be found in the potassium nitrate 
cultures with a comparative yield of 291 as against 289 and 287, 
respectively, for sodium nitrate and ammonium sulfate. Though 
they are in this instance essentially checks, as in all work of this 
nature, such results can not be regarded as definite responses. In 
this connection, it might be noted that if the rye crop is considered 
in connection with the corn which followed, the high potassium nitrate 
is considered superior to any of the salts used, particularly as com¬ 
pared to the ammonium sulfate, since, with this salt, the response 
of the corn was apparently very low. 

The differences in the yield between the 2- 8- 2 and 4- 4-4 mixtures 
is also of interest, appreciable differences apparently existing between 
the high potash nitrate and the mixture of sodium nitrate and 
potassium sulfate when employed in these formulas. Thus, with the 
2-8-2 versus the 4-4-4 with sodium nitrate and potassium sulfate 
as a basis, the percent of gain over the check is 56 and 75 respectively; 
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while with high potassiiim nitrate in the same relation, it is 74 and 
134 respectively. This same relation in the application of the differ¬ 
ent combinations is to be found in the case of the com crop which 
followed, altho the difference between the sodium nitrate and potas¬ 
sium sulfate as compared to the high potassium nitrate is less marked 
except in the comparison of the 4-4 4 mixtures. 

A further interesting comparison is that of the response of the rye 
cultures receiving cow manure with that of the com crop which 
followed. In this case it was found that while the gain in the rye 
crop over the check cultures is not appreciable as the result of this 
application (102), for the corn it was large (306), thus indicating, the 
effect of time upon the availability of the organic nitrogenous 
material. 


FIELD STUDIES 

The following tests of the effectiveness of high potassium nitrate 
under average field conditions were carried out upon land which had 
not been previously used for experimental purposes A series of 
plots was laid out on a young meadow. The arrangement of treat¬ 
ments was as outlined in Table 2 where, also, the yields are reported, 
calculated to the acre basis 

The farm upon which these tests were conducted lies about lyi 
miles west of New Bmnswick and the soil is derived from red shale 
a distinct Penn loam t^^pe. Through consistent applications of farm 
manure and artificial fertilizers, the soil is in a fair condition of 


Table 2. —-Fertilizer treatment and yields of hay^ field trials. 


Plot Treatment Weight of hay 

number (pounds per acre) 


1 .Check (no treatment). 

2 .Phosphoric acid (400 lb. per acre). 

3 .(X) Muriate of potash (50 lb. per acre)_ 

4 .(X) Sodium nitrate (160 lb. per acre). 

5 .PaOs and (X) KCl . 

6 . “ “ (X)NaN 03 . 

7 ... “ and (X) KCl. 

8 . “ “ (X) HIGH POTASH NITRATE. 


9.2-8-2/600 lb. per acre (Based on NaNO, and KaSO^). 


10. 




11 .Check (No treatment). 

12 .Phosphoric acid (400 lb. per acre). 

13 .(2X) KCl (100 lb. per acre). 

14 .(2X) NaNO* (320 lb. per acre). .. 

15 . PaO,and (2X) KCl. 

:2X)NaN0,. 


16 

17 

18 

19 .2-8-2/600 lb. per acre (Based on high potash nitratb) 

20 . 4 ~ 4 '- 4 f 


(2X) KCl and (2X) NaNO*. 

(2X) HIGH POTASH NITRATE. 


2450 

2520 

2590 

3990 

2785 

4480 

4480 

4235 

3185 

3570 

2415 

2170 

2450 

3990 

2485 

3780 

4025 

4270 

2660 

3605 
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productivity. This information will show that the soil used in this 
work was in no way below normal in productivity. 

The plots as indicated in the table were measured to represent 
1/100 acre with an intervening space of two feet. Their arrangement 
was from i to 20 in the order indicated. The application was made on 
June 17 at which time the growth upon the ground was largely clover 
and timothy, though a considerable nitmber of weeds appeared later 
in the season. 

A study of tfie table will show that the response has been to nitrogen 
only. For this reason, no conclusions may be drawn as to the avail¬ 
ability of the potash on the High Potassium Nitrate. The response 
to nitrogen is shown effectively by averaging the results of all plots 
not receiving nitrogen and those receiving it, as shown in Table 3. 

Table --Average yields of hay from plots receiving nitrogen contrasted with those 

receiving no nitrogen 

Plot Fertilizer Average yield of 

Numbers Treatment plots indicated 

(lb. hay per acre) 


1 and II 

2 and 12 j 

Check (no treatment) 

1 P.O5 ) 

> No nitrogen KjO V 

1 P.Os and K .0 j 

1 NaNO^ ^ 

NaN(h and PaO^ ! 

2432 

3 and 13 

5 and 15J 

4 and 14] 

6 and 16 

2483 

7 and 17 

8 and 18 J 

Nitrogen NaNOj and P, 0 , and K.O f 

PaOj and High Potassium Nitrate J 

4144 

9 and 19 

2-8-2 (600 lb. jier acre) 

2922 

10 and 20 

4 -4-4 (600 lb, per acre) 

35^7 


It appears that in the (2X) applications (plots 13 and 19) the potash 
as muriate depressed the yield .somewhat. It is further shown that 
the double applications of nitrogen did not increase the yield over 
those from the (X) ajiplications, either on the High Potassium Nitrate 
plots or those receiving sodmm nitrate cind potassium sulfate. A 
com])anson of the High Potassium Nitrate plots (8 and 18) shows 
that the average (4272) is quite as good, in fact is identical with that 
of 7 and 1 7 receiving sodium nitrate and the muriate of potash. 

A second series of ])lots (twelve in number) were laid out on another 
meadow in a similar manner to study the effect of the treatments 
upon the development of the aftergrowth. Because of the extremely 
dry season there was but scant growth. It was again apparent, 
however, that the response was due to the nitrogen treatment. 

SUMMARY 

Experimental studies upon the availability of the nitrogen and 
potash of High Potash Nitrate have been carried out under both 
green-house and field conditions. 
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The results in pot culture indicated the value of the nitrogen and 
potash of this compound as being fully equivalent to that derived 
from sodium nitrate and ])otassium sulfate. Because of the fact 
that the field plots responded strongly to applications of nitrogen 
and not at all to potash, it may be assumed that the nitrogen of the 
High Potash Nitrate was as effective as that of sodium nitrate. 


THE RELATIVE EFFECTS OF FOREIGN POLLEN UPON THE 
KERNEL WEIGHT OF COMMERCIAL VARIETIES 
AND SELFED STRAINS OF CORN* 

T A Kiesselbach and G. C. Cook- 

The object of this investigation has been to compare the immediate 
effects of fertilization by foreign pollen upon the kernel weights of 
selfed strains, commercial varieties, and various botanical types of 
corn. 

By pairing varieties differing in endospenn or aleurone color under 
control conditions, the pure and hybrid kernels may be distinguished 
by color, because of changes resulting from the secondary' fertilization 
of the endospenn nucleus in the embryo sac. 

HlvSTORlCAL 

McCleur (5)'^ appears to have been the first to report on the im¬ 
mediate effect'of foreign pollen upon the kernel weight of corn. 
Using five ears of sweet com pollinated with a mixture of sweet and 
dent pollen, he found an increase in weight of hybrid over pure kernels 
ranging from 1Q.47 to 31.82 percent for the different ears. 

Collins (2) secured an increase of i6 percent for hybrid kernels on 
an ear of Chinese corn fertuized in part with pollen from a dent 
variety, Roberts (7) also observed a large increase for kernels of 
this variety fertilized by foreign dent pollen Collins and Kempton 
(3) reported an increase in kernel weight ranging from 3 to 21 
percent for eleven crosses in which ears w^ere fertilized with a mixture 
of pollen, 

Wolfe (8) offers the results of 37 crosses as evidence of marked 
effects on kernel weight resulting from the fertilization of commercial 
varieties with pollen from other varieties. Wolfe concludes that 

^Contribution from the Department of Agronomy, Nebraska Agricultural Ex¬ 
periment Station, Lincoln, Nebraska. Received for publication November 20, 
1923. 

^Agronomist and Graduate Assistant, respectively. 

^Reference by number is to “Literature cited, “ p. 36. 
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the crosses obtained, 56,8 percent produced profitable increawses 
in yield (weipfbt of kernels) and in 13.5 percent the increase was slight. 
In 24.3 percent of the crosses, the decrease was marked and in 5.4 
percent it was slight. The largest increase was 16.04 percent, and 
the greatest decrease 13.45 percent.'’ 

Carrier (i) concluded from his own investigations and those of 
others that a decided increase in the kernel weight of commercial 
varieties of com results from the stimulus of hybridization 

East and Jones, (4) reported the immediate effect of reciprocal 
crosses between Illinois Low Protein and Stadmueller High Protein 
com Sixteen plants of each variety were pollinated with a mixture 
of their own individual pollen and that from a plant of the opposite 
variety. The hybrid kernels averaged ip 7 percent heavier than the 
selfed 

Previous results re])ortod by this Station (Kiesselbach, 6) include 
a five year test in which a 0.32 ])ercent increase was secured for the 
hybrid kernels on wind fertilized cars grown in a field of commercial 
Hogue Yellow Dent and partially fertilized by pollen from an adjoin¬ 
ing field of Nebraska White Prize. The immediate effect of crossing 
on kernel weight varied in the difl'erent years from an increase of 1.8 
percent to a decrease of o 7 percent About 200 ears were repre¬ 
sented in this test each year In 1921 seven crosses between com¬ 
mercial varieties showed an average increase of 0.22 percent from 
foreign pollen, ranging from an increase of 1.3 percent to a decrease 
of 1.7 percent In the same year 30 ears of long time selfed strains 
of two varieties of dent com were partly fertilized with composite 
pollen of sister plants from their own strains and partly by foreign 
dent pollen. Hybridization increased the average kernel weight 11.2 
percent. 

EXPERIMENTAL 

The results recorded in the accompanying table were all secured 
from controlled hand pollinations in 1922. Bagged shoots were 
pollinated with mixtures of pollen obtained from a number of other 
plants of the same variety or strain and a number from another vari¬ 
ety chosen so that the resulting hybrid kernels could be distinguished 
by their color. Since selfing was not pemiitted, the pure kernels 
obtained should have a genetic constitution equivalent to that which 
might obtain under ordinary farm field conditions, except for the 
small amount of selfing which occurs under wind pollination. Under 
Nebraska conditions this has been found to be less than i percent. 
(Kiesselbach, 6). 



Table i. —The immediate effect of foreign pollen upon the kernel weight of selfed strains and commercial varieties of corn^ jq22 
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In order to reduce the effects of plant individuality, the pollination 
of 15 ears’was undertaken for each combination. From 3 to 10 'well- 
filled ears showing both jjure and hybrid kernels were thus produced 
for most crosses. The immediate effect of hybridization was de¬ 
termined by contrasting the comj)osite weight of hybrid kernels with 
adjacent pure kernels. Pure and hybrid kernels were removed from 
the ear for this test only when they occurred in pairs and as far as 
possible place effect on the ear was further avoided by taking the 
pure kernels alternating on the butt and tip side of the hybrid kernels. 
The results obtained from the various different types of corn are shown 
in Table i. 

vSelfed Strain Hybrids 

Eight combinations of sclfed strains fertilized by foreign dent 
pollen gave an average increase in kernel weight of 11.9 percent. 
This increase ranged from 4.9 to 1Q.9 percent for the different strains. 
This increase in weight can be accounted for cmly by increased hybrid 
'vigor or heterosis due to crossing. This corresponds to the vigor 
exhibited by hybrid plants in comparison with t heir pure line parents. 

Hybrids between Commercial Dent Varieties 

Twelve standard commercial varieties of dent corn, differing in 
vegetative characteristics, were used as the ear-bearing parents. 
From five to twenty-five varieties were crossed on each of these, mak¬ 
ing a total of 158 variety combinations An average increase of 0,2 
percent in the kernel weight of these varieties resulted from hybridiza¬ 
tion. 

The variation for the twelve varieties in response to foreign pollen 
ranged from a decrease of 0.8 percent to an increase of i o percent. 
It may be concluded that the keniel weight of fully heterozygous 
commercial dent varieties is but little influenced by fertilization with 
pollen from other dent varieties 

Dent Varieties crossed with other Botanical Types 

Thirteen crosses of commercial dent varieties by other botanical 
types, including sweet, flour, flint, and pop resulted in an average 
decrease of 0.2 percent in the weight of hybrid compared with pure 
kernels. The results varied from a decrease of i 3 percent to an 
increase of 1.5 percent. In view of these small effects we may con¬ 
clude that all of the botanical t\v)es tested are practically equal in 
their effectiveness as pollen parents in producing grain of normal 
weight. 

Flint and Pop Crosses 

Flint and pop varieties responded to foreign pollen to about the 
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same extent as did dent corn. A pop variety j?ave an increase in 
kernel weight of o.i percent when fertilized by another pop variety. 
Five flint varieties gave an average increase of t.6 percent when cross 
pollinated and ranged from a decrease of i 36 percent to an increase 
of 5.6 percent. 


Sweet Corn Hybrids 

Two commercial sweet corn varieties gave an average increase of 
1.97 percent in kernel weight when fertilized by foreign sweet com 
pollen. The response due to heterosis appears to be no greater for 
sweet corn than for the other botanical types A ver\' marked in¬ 
crease in the kernel weight resulted, however, from pollinating sweet 
corn with pollen from ty]ies having starchy cndospeims. This 
increase ranged from 13 4 ])ercent for a sweet by flour cross to 28 3 
percent for a sweet by dent cross The six sweet by starchy corn 
crosses gave an average increase of 18 3 ])ercent in kernel weight due 
to the immediate eflect of crossing 

These great increases for commercial sweet varieties are not to be 
accounted for by heterosis. They are due. rather, to the dominant 
genetic influence of the starchy character which was transmitted 
thru the male gamete, thereby transforming the sweet endosperm 
into starchy endosperm Starchy endosperms have the capacity not 
possessed by sweet kernels to precipitate starch j^rogressively thruout 
their growth. This permits a greater osm(3tic intake and storage of 
substance which is very apparent in the mature kernels The sweet 
kernels arc translucent and shrunken or wrinkled compared with the 
smooth, plum]) and starchy hvbrid grain resulting from cross polli¬ 
nation. 

These studies fail to show the marked effects on kernel w^eight due 
to heterosis that have been showm by other investigators, when 
commercial varieties are fertilized by foreign pollen. This may he 
due to one or more of three causes (1) A decided en'or due to place 
effect may result from the practice of comparing all pure and hybrid 
kernels on an ear, rather than comi)aring them in adjacent pairs. 
(2) Plant individuality may be a factor wrhen results are based on 
single ears. (3) Varieties may differ in their heterozygosity and 
consequently in their response to foreign pollen. 

SUMMARY 

An increase in kernel weight of com due to fertilization by foreign 
pollen may result from two causes* (i) heterosis and (2) a change in 
type of endosperm. 
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The increase from heterosis is very marked in the case of selfed 
strains amounting in these tests to an average of 11.8 percent for 
eight such strains. 

The increase due to a change in endosperm type, which occurs 
with sweet corn when fertilized by a starchy type, is also marked 
It amounted to an average of 19.9 percent for six such sweet-dent 
combinations. This increase may have been slightly modified by a 
change in heterosis since two commercial sweet corn varieties polli¬ 
nated by other sweet varieties gave an increase of i.g percent in kernel 
weight. 

Commercial varieties of corn, being heterozygous, respond relative¬ 
ly little to the iminediat e effect of foreign pollen as a result of heterosis. 
One hundred fifty-eight dent combinations on twelve standard dent 
varieties averaged an increase of 0.2 percent. Thirteen combinations 
of dent by other types, including flint, pop, flour, and sweet gave an 
average reduction of 0.2 percent for the weight of hybrid kernels. 

Commercial varieties differ somewhat in the degree of response to 
foreign pollen, due probably to a difference in their heterozygosity. 
The extreme range of effect due to heterosis noted for more than 
250 variety combinations made at this Station has been from a 
decrease of 2.3 percent to an increase of 5.6 percent. 
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PHYSICAL CHARACTERISTICS OF DISEASE-FREE SEED 

CORNi 

O. P. Tiemann- 

For many years investigations have been conducted in several 
states of the Corn Belt to show that corn is affected by rot diseases of 
the root, stalk, and ear. During the past seven years rapid strides 
have made been in the work, chiefly because of the active and effective 
cooperation of the agricultural experiment stations and other agri¬ 
cultural institutions with the United States Department oi Agri¬ 
culture. 

On some farms, in many localities where scientific agriculture is 
practiced to the highest degree, such as growing of legumes, crop 
rotation, adding limestone and rock phosphate and other fertilizers 
to the sefil, the increased quantity and quality of com secured is not 
sufficient to justify this additional expense for materials and labor, 
if little thought is given to the seed corn i)lanted. 

METHOD OF OBTAINING DLSEASE-FREE SEED CORN 

“Disease-free” seed corn is the seed from olits tested on the germi- 
nators which show freedom from a number of the known corn diseases 
which catise slow and rapid rotting of the cr»rn plant roots. These 
ears also show a strong and vigorous root system. In recent years, 
there has been an increasing demand for the individually-ear-tested 
disease-free corn. To assist in securing disease-free seed a corn 
testing laboratory was started. The geniiinating room in which the 
corn is tested has a capacity for testing thousands of ears at one time. 
The room is heated with steam and a thermostat automatically 
controls the temperature at the desired point day and night. Two 
electric fans are at one end of the room iov drawing fresh air through 
at intervals in order to maintain proper humidity. Flats are used 
on which the kernels of com are placed and kept in the germinator. 
Six kernels are taken from each ear, progressing spirally around the 
ear in removing them. They are then placed on a cloth and when 
the flat is filled another cloth is ptit over them, moistened, and taken 
into the germinating room. Here they are left for about six days at 
uniform temperature, and watered every da3^ The flats are then 
taken out of the room, the upper cloth removed and the entire root 
system of the kernels can be easily seen and the condition of each 

^Contribution from the Illinois Seed Corn Testing Laboratory, Bloomington, 
III,' Received for publication November 21, 1923. 

^Proprietor. 
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ear determined. The system of records kept makes it possible to 
locate any lot or individual ear of com in a few minutes. 

SEPARATING THE DISEAvSE-FREE AND DISEASED SEED 

Each lot of seed corn from the germinators is examined very care¬ 
fully and divided into three parts. (1) disease-free ears; (2) slightly 
diseased ears; and, (3) badly diseased ears. When the six kernels 
of an ear show strong, vigorous germination and are free from any 
indication of disease, that ear is classed disease-free. If the kernels 
are of strong germination, but one or two of them show signs of a 
minor disease, the ear is classed as slightly diseased. If all six kernels 
show symptoms of rot diseases, even if the germination is perfect, 
the ear is classed as badly disca.sed and unfit for seed com. These 
different grades are returned to the farmers with the suggestion to 
plant only the first two grades and to keep them separate so as to 
select seed com the following year from the field planted with the 
disease-free seed 

OBSERVATIONS ON 4000 BUSHELS OF FARMERS’ SEED CORN TESTED 

During the winter of 1922-1023 approximately 4000 bushels t)f 
seed corn representing over 350 lots were individually car tested in 
the laborator>" This seed com came from practically every part of 
Illinois and several lots from Indiana 'fhe seed was sent by good 
farmers and carefully selected so that the seed was representative of 
the type of ears used by all farmers. The writer personally examined 
every ear of seed tested on the germinators and recorded observations 
made of each lot of corn. 

Of the 4000 bushels of seed corn ear tested, the viability (composite 
germination) averaged 96.5 percent: but 30 percent of the ears of 
this seed corn were badly diseased and discarded as unfit for .seed 
purposes. 

This 30 percent, or 1200 bushels of badly diseased seed, was suffi¬ 
cient to plant about 9600 acres of com. If this acreage was planted 
with the diseased seed, the yield would have been reduced more than 
50 percent and contained a high percentage of rotted com. From 
these figures it is easy to understand why in unfavorable or even fair 
weather for com there are many thin stands, large numbers of weak 
and stunted plants, stalks that are leaning down and broken, barren 
stalks and nubbins, chaffy, immature ears, and reduced yields. 

The tables presented below show that the large, dull lemon yellow 
colored ears of rough or medium rough indentation should be dis¬ 
carded due to weak vitality, and also show a high percentage of disease. 
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Selecting this type of seed corn means considerable replanting in an 
unfavorable spring, or much rotted, moldy, and light shriveled com 
in a late rainy fall. 

For many years, opinions have been given regarding the best type 
of seed ear to select to secure the highest yields of com. Some 
growers recommend a large ear of rough indentation, while others 
suggest a medium smooth type of ear On the 4000 bushels of seed 
com coming from many farmers and different localities, the writer 
carefully made the following observations and records to assist in 
detennining the type of seed ear which exhibits more resistance to 
the various corn rot diseases, and consequently the tyj^e of ear which 
will produce the highest yields and best quality of com. 


Physical (^harac trristics of Tested Seed Corn 

Table 1. —Data showing correlation of vitality, kernel color, and indentation, to 
the percentage of disease-free seed in seed corn. 


Percentage 
of ears 
testing 
disease- 
free 


Mo. 

of 

lots 

tested 


Viability* 

of lots Percentage of 
No. before ears with 
of separating kernel 
bushels the disease- indentation 
tested free seed Rough Smooth 


Percentage of 
ears with 
color 
variation 
Bright Dull 

golden lemon 

>’cllow yellow 


1 "20 

18 


94-5 

95-9 

4-2 

21-30 

91 

857 

96-.^ 

88.5 

11.5 

31-50 

230 

2699 

96.9 

40.5 

59.5 

51-OVer 

19 

152 

98.2 

16.7 

83.3 


* Average percentage composite germination 


25.0 

750 

34-9 

65.1 

76.9 

23.1 

94.4 

5-6 


Indentation 01- Seed Corn 


Table 2.—Data showing relation of degree of indentation, viability and freedom from 
disease in seed corn 


Percentage of 
Average ears testing 

Indentation Viability disease-free 


Rough . 
Medium rough. . 
Medium smooth 
Smooth. 


96.7 27.9 

96.8 327 

97.1 427 

95*5 44.2 


Table i shows that as the percentage of disease-free seed increased, 
the vitality of the seed increased as shown by the viabilit}' (composite 
germination). Likewise as the percentage of disease-free seed in¬ 
creased, the combination of smoother type ear with bright golden 
yellow color materially increased, while the combination of rougher type 
of ear with dull lemon yeFow color showed a decided decrease. Most 
of the lots ranged from 31 to 50 percent disease-free, and in these, 
as in the lots with over 51 percent disease-free com, it was observed 
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that the root systems were very vigorous and showed a low per¬ 
centage of saprophytic molds. The percentge of such molds appeared 
high in the i to 30 percent disease-free seed. It is known that these 
molds indicate a weak seed very susceptible to the serious rot diseases. 

Table 2 shows relation of the indentation factor to vigorous and 
disease-ffee seed com. The greatest increase in disease-free seed 
was between the mediiun rough and medium smooth seed, and the 
strongest vitality was with the medium smooth seed. This applies 
to both yellow and white corn. 

$ 

Luster of Seed Corn 

Table 3. —Data showing relation of luster to viability^ freedom from disease and 
disease mfection in seed corn 


Percentage of Percentage of 
Color Percentage ears testing ears testing 

viability disease-free badly diseased 


Very bright golden yellow. 

. 974 

44-3 

iq.8 

Bright golden yellow. 

. 96.9 

387 

28.4 

Dull lemon yellow. 

. 96.9 

30.9 

32.8 

Very dull lemon yellow. 

. 94-6 

28.3 

33-6 


Table 3 shows that the degree of luster is an important factor in 
selecting good seed com. Here again it appears that the very bright 
yellow color is an outstanding indication of vigor and high percentage 
of disease-free seed. This luster factor is also applicable to white 
seed com, the pearly white being more desirable than the milky 
white colored ears. , 


SUMMARY 

With the present day knowledge of seed com, dependance should 
not be placed on the germination test alone, but more attention 
must be given to the quality of the seed. 

Large rough seed ears which also show dull color should be 
avoided. These are usually late maturing, weak or badly diseased 
ears. 

Mature, firm seed ears of average size, which show very bright 
color or luster, medium smooth indentation, and fairly good depth 
of kernel should be selected. 

Such seed ears possess strong vitality and a high percentage of 
disease-free seed, and will withstand adverse weather conditions 
better, grow and‘mature more uniformly, and produce a higher 
yield and an excellent quality of com. 






THE EARLY HARVEST OF RUSTED MARQUIS WHEATS 

(A Preliminary^ Report) 

T. E. Stoa2 

The staj2:e of maturity for harvesting wheat is still a matter for 
frequent discussion. Whenever the natural physiological processes 
of the wheat are interfered with, a condition resulting from the 
development of stem mst, the question arises, should such grain be 
harvested before the full stage of maturity is reached^ 

THE NORMAL HARVEST 

What is the proper stage for harvesting wheat that matures nor¬ 
mally^ The longer the growing .season, the greater the yield. 
Thatcher (i o)*"* observed “The average weight of the kernel would vary 
directly with the length of the development period, and the length 
of the period to be the determining factor in the final composition 
of the grain.” Maturing of the wheat kernel is largely a process of 
translocation of foodstuffs already manufactured, particularly the 
carbohydrate materials. vSaunders (6) found that the physiological 
processes which go on in the mature wheat plant arc most active from 
20 to 25 days before mattxrity, and that materials deposited at that 
time in the grain of the plant amounted to about 100 pounds per acre 
per day. He found that this rate increased until about 17 days before 
the usual harvest period, when the rate of activity remained about 
the same. From this point the amount of material deposited de¬ 
creased and reached the zero point when the grain was considered ripe 
in the Ontario region. Saunders concludes that wheat might well be 
harvested several days earlier in Ontario, allowing the grain to fmish 
ripening in the shock. The practice in Ontario, he states, is generally 
to allow the grain to stand a good deal longer than is the common 
practice in the Central Plains. 

McDowell (5) found that, from the yield standpoint, the best 
results in harvesting Nevada wheats were secured when the kernels 
were in the very late dough stage, and difficult to break with the 
fingers. 

The percentage of nitrogen material is greatest in the early stages 
of the wheat kernel. Carbohydrate materials increase more rapidly 

q^aper read at the Western Agronomic Conference held at Bozeman, Mont., 
July 26-28, 1923. Received for publication November 26, 1923. 

*AssiwStant Agronomist, North Dakota Agricultural Experiment Station, 
Fargo, N. D. 

’Reference by numbers is to “Literature cited.” p. 47. 
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in the later stajj^es of the kernel development. The rapid trans¬ 
location of carbohydrate materials is chiefly responsible for the 
reduction in percentage of nitrogenous substances. The absolute 
amounts, however, of all constitutents, including nitrogen com¬ 
pounds, increases up to the time of maturity. 

It might be inferred that immature grain, richer in protein products, 
would mill a stronger flour. Such however, is not the case. The 
quality of the wheat for breadmaking improves with the maturity 
of the kernel. Stockham (g) observed that “On the average with all 
grades of flour the higher the percentage of protein the greater the 
strength up to a certain point Beyond this in the harder classes 
there are indications of weakness.*' The kind of proteins is more 
important than the quantity Too early cutting lessens the quality 
and the amounts of those forms of proteins most desired. Cduten 
content and loaf voltune increases with the maturity of the wheat. 
The color of the resulting bread is better when the wheat is allowed 
to reach full maturity before harvest. Champlin and Goulden (i) 
conclude that while the quality of wheat and flour is improved when 
the wheat is allowed to become dead ripe, farmers are not warranted 
in exposing the crop to this extent, and should begin to harvest at an 
earlier stage. 

It would appear, therefore, that wheat which is maturing nonnally, 
from the standpoint of maximum yield and quality of grain, and as a 
guard against losses from shattering storms and insect pests, should 
best be harvested when the grain is in the very late dough stage and 
the kernel sufficiently hard that a reasonable amount of pressure by 
the thuml) nail must be exerted to make a dent in the grain. 

THE EFFECT OF RUST ON MATURITY 

Assuming that wheat which is maturing normally should be har¬ 
vested when the kernels arc in a semi-hard stage, do the conditions 
change when the natural filling processes are interfered with, as, for 
example, the interference brought on by an epidemic of stem rust? 

The belief popularly exists that grain attacked by stem mst should 
be harvested when the plant is still immature. The assumption is 
that grain thus harvested is protected against the total injurious effects 
from stem rust, and that if harvested it will fill out better in the sheaf, 
producing a grain of higher quality than it would if left to reach the 
average degree of maturity. 

With the recent and increasing frequency of stem rust in the 
spring wheat regions, the basis and soundness of this popular bdief 
merits investigation. In spite of the seeming importance of the 
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question and its direct bearing on our crop yields, the basis for this 
belief has apparently not been considered by many investigators, 
and very little literature seems to be available which deals with this 
subject in a specific way 

A number of analyses are available of rusted and rust-free wheat, 
both in the grain and in the straw Shutt (7) concludes that *‘Rust 
arrests the develr)i)ment and induces j)remature ripening, which 
means a straw in which still remains the elaborated food, and a grain 
immature, small, rich in protein, and deficient in starch.” Sn3"der (8) 
found that wheat from rusted plants contained a higher f)ercentage 
of protein, fiber and ash than fully matured, non-nisted wheat gi'own 
under the same conditions Headden came to a different con¬ 
clusion regarding the ])roy)orti()ns of starch in shrunken and non- 
shrunken wheat, and his observations indicate that there was ver}^ 
little difference betueen the t'wo Ince (4) found that rusty wheat 
straw was richer in ])r(»tein, ash, and fat, but less rich in carlK>h3'drate 
materials than the non-rusUTl wheat straw lidHs (2) studA'ing the 
stage of maturity of cutting wdient when effected w'lth black stem 
nist, found that ‘'grain should not be cut at a stage before it w'ould 
be harvested in the ordinars’ course of events, if rust w’cre absent, 
and that theinaximum w'lu'at is secured wduni grain cannot be cnished 
w^hen pressed betw^een the thumb and fore-finger ” His more com- 
pleie observ^ations indicate premature cutting resulted iir brighter 
color and lustre, many shrunken grains of a brick red color, consider¬ 
able niunber of green and immature kernels, shrunken berries and 
decreased ^delds 

RESULTS FROM EARLY AND LATER HARVEST OF RUSTY WHEAT 

To determine the effect of early harvesting of rust\" W’heat, a field 
of Marquis in 1922 w^as staked into small areas and individual plats 
hand harxTsted. 

Seven such equalized areas, each three meteis square, were har¬ 
vested at an early stage, or about when the kernels were in the dough 
stage. These will hereafter be referred to as “A” plats At this 
period the heads were beginning to change slightly in color and in 
general would be considered likely to become normally ripe about four 
days later. Harvest of these early plats w^as made on jul}' 31. 
Observations had previously been made as to the stage of develop¬ 
ment of the kernel, estimate of stem mst, etc. The average estimate 
of stem-rust infection on July 31 was 75 to 80 percent. These seven 
areas were selected in the field so as to permit the harvest of an equal 
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area immediately adjoining when the crop should become normally 
mature. 

The second, or normal, harvest, hereafter referred to as plats, 
was made on August 5. But for the rush of other harvest it would 
have been made on August 4, four days later than the early harvested 
plats. 

The sheaves from both series of plats were shocked out-doors in 
the open, but covered to protect against birds and possible hail damage. 
During the winter months detailed data were recorded on these har¬ 
vested crops. 1'hese comparative data include the number of heads, 
the yield and grade of grain, and other factors essential to measure 
the quantity and (juality of the crop. 

Threshing of the sheaves from these plats was made with a small 
nursery thresher. The shnmken condition of all the grain made 
threshing from both the early and late harvested plats difficult. 
The observ^ations which it was possible to make did not indicate any 
increased difficulty in threshing the wheat from the early harvested 
plats. 


Agronomic Data 


As sliown by the agronomic data, summarized in Table i, the total 
number of heads harvested amounted to about 17,000, or as an aver¬ 
age of 7 areas for each harv^'est date, nearly 2,500 heads per plat. 

Table i. —Average number of headSf their grainy yield per acre, test weight, and 
weight per M kernels from rusted wheat harested early and harvested at the normal 
’ stage of maturity 

(The results are the average of 7 areas for each harvest) 


Factors measured 

Number heads threshed^. 

Grain per head (grams). 

Yield per acre (bushels)^ *. 

Test weight (pounds). 

Wt. per 1000 kernels (grams). 

^Average of six areas. 

*Based on equal number of heads. 


Early 

Normal 

Difference 
favor of 
normal 

harvest 

harvest 

harvest 

2422 

.3627 db.00' 

2458 

; .4041 ±.008 

+.0414 

14.03dz.33 

15.53 d:.6o 

+ 1.50 

51.03 db.28 

52 . 14 d :.34 

4 - 1.11 

18.29 db.26 

l8.4Oi.34 

4-0.11 


The average grain produced per head for those plats harvested early 
amounted to .3627^.0050 grams; for those harvested later, or at 
the usual stage of maturity, .4041^.0084 grams. The difference in 
yield of grain per head amounted to .0414 grams, or again of nearly 
12 percent in favor of the normally harvested plats. h)ach of these 
seven areas harvested at the later date returned more grain per head 
than its corresponding plat from the early harvest. 

In grain per acre, calculated on the basis of an equal number of 
heads threshed, the ‘‘A” plats, or those harvested early, yielded 








stoa: early harvest of rusted wheat 


45 


14.03rb.33 bushels, while the ‘‘B” plats, harvested later, yielded 
15.53i.60 bushels, an average gain in yield of 1.5 bushels, amount¬ 
ing to 10.7 percent. 

A higher quality of wheat was produced on the plats, as deter¬ 

mined by the average test weight of the “uncleaned’^ grain. The test 
weight of the grain from the early harvested plats averaged 51.03 
pounds per bushel and of that from the later harvested plats, 52.14 
pounds. The wheat from the “A” plats gained more in test weight 
upon cleaning in ])reparation for milling than did that from the “B” 
plats, and after cleaning gave an average test weight of 53.64 pounds 
as against 54.07 for the “B” plats. Comparing the average weight 
per thousatid kernels for the two stages of cutting, the difference is 
in favor of the plats cut at the normal stage of maturity. This 
would be expected from the weight of the grain per head, and the 
test weights recorded. The difference, however, is not significant, 
and an apparent inconsistency throughout these observations seems 
at this time hard to explain. Ellis (2) in 1919 at the Manitoba 
Agricultural College found that rusty wheat cut in the firm stage 
weighed 3 pounds 3norc per bushel than when cut in the late milk 
stage 

According to the official grade for the different samples of wheat, 
six of the seven early harvested wheats graded No. 5 Dark Northern 
Spring, and one lot graded as sample grade. Of the wheats from the 
“B“ j)lats, four graded No. 5 Dark Southern vSj)ring and three graded 
No. 4 Dark Nortliern Spring, indicating a distinct advantage for the 
later harvested ])lats. All samples were rec(>rded as 99 percent dark, 
hard vitreous, with no dockage. Comparing the color of the samples 
of wheat, all were generally good. “B“ samples, however were slight¬ 
ly belter than “A” samples 

Milling and Baking Tests 

The milling and baking tests on the samples were made in co¬ 
operation with the Department of ('ereal Chemistry. The wheats 
from the seven “A” and seven “B” ])lats were milled and baked sep¬ 
arately The amount of grain did not pennit more than one baking 
of each plat and the results presented herewith are the average of 
the seven plats from each of the early and normally harvested areas. 

The seven early harvested plats gave 67.69 percent flour, slightly 
exceeding the later harvested areas, which averaged 67.22 percent. 
The slightly shrunken condition of the grain from the early harvested 
plats probably does not measure their true milling content. It is 
obvious that the more shrunken the kernel the more difficult it is to 
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secure a complete milling, and at the same time not include in the 
flour some of the bran and shorts. I'he color of the bread from the 
“A” plats suggests that perhaps the “A*' plats were over-milled. 

Flour from the “B” plats absorbed slightly more moisture than the 
‘'A'’ plats. In protein, based on an equal moisture content, (13.5 
percent) there was very little difference between the early and the 
later har\’^ested plats. The early harvested areas contained on the 
average a slightly higher protein content, which is in accord with 
other investigations. This difference, however, was not significant. 


Tarle 2 .—Average results from milling and baking tests, and some chemical de-> 
terminations of rusted wheat harvested early and harvested at the normal stage of 

maturity 


The results are the average of 7 areas or each harvest 


Factors Measured 
Per cent flour ... . 

Water absorbed (percent) 
Volume of loaf (cc.) 

Color of loaf (percent) 
Texture (^f loaf (percent) 
Protein (percent)’. . . 

Ash (percent)’.. 


Early 

Normal 

Difference 
favor of 
normal 

harvest 

harvest 

harvest 

67.69^= .23 

67.22 ^=.46 

-0.47 

54-76±.03 

55.04=1=.05 

-ho.28 

2216^=15 

2266=1=18 

4*50.0 

^*9.3 

92.1 

4-2.8 

91.0 

93.0 

4-2.0 

10.69 

10.54 

—0.13 

0.501 

t. 

0.468 

"*“0.33 


In strength of flour, as measured by volume of loaf m the baked 
bread, the flour from the “A’' plats showed an average loaf volume 
of 2 2i6dbi4.g6 cc. as compared to 2266=1=18.10 cc. for that from the 
'‘B” plats, an average difference of 50 cc. This difference, while not a 
significant one, is of greater value when considered with the other 
numerous factors wherein the later harvested j)lats have proved 
superior to those harvested at the earlier date. 

Each of the flours from the seven “B” plats jiroduced bread of a 
higher color score than that from its corresponding “A” plat. That 
from the seven “A” plats averaged in color score 89 as compared to 
92 for that from the “B"’ plats. As suggested previously, this 
difference in color may be attributed in part to over-milling in the 
‘"A” samples, due to the more shrunken condition of the kernels 
brought about by premature harvesting. 

The wheat from the later harvested plats made flour that produced 
a bread of better texture. The flour from six out of seven of the 
plats graded higher in this respect than the corresponding “A’' 
plats, the average texture score being 93 as compared to 91 for those 
harvested at the earlier date. 
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SUMMARY 

Wheat maturing normally is ready for harvest when in the semi- 
hard condition. Too early harvest lessens the yield and quality of 
wheat produced. Gluten content and strength of gluten increase up 
to plant maturity, and color of flour is better from wheat allowed to 
mature fully. 

Over-ripeness reduces the yields through shattering, excessive dry¬ 
ing, and needlessly exposes the cro]) to insect pests, hail, and other 
crop destroying agencies. 

Observations made in 1922, indicate that the wheat plant maturing 
under rust infections, having its natural maturing-processes inter¬ 
fered with, continues to transport into the wheat grain those materials 
that make up a desirable keniel. I'oo early harv'csting of the rusted 
wheat prematurely shuts off the transportation process, reduces the 
possible yield, and tends to lessen the grade and the quality produced. 

The existing idea in favor of the earlier harvest (rf rusted wheat is 
not based on facts Justification of the practice must primarily be 
to protect the crop against hail, stonn, and insect damage. The 
proper stage for harvest of nisted wheat would still appear to be the 
stage for a normal harvest, or when the grain is sufficiently firm so 
that a reasonable amount of pres.sure by the thumb-nail must be 
exerted to make a dent in the kernel 
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A SUGGESTED SYSTEM FOR HARVESTING HAY IN 
A CHOPPED CONDITION^ 

John P. Conrad® 

The practice of chopping hay before feeding has been carried on 
by farmers more or less haphazardly since ensilage cutters and shred¬ 
ders have been available for that work. It has been useful usually 
when chopping has offered the best way of preparing hay otherwise 
refused by stock, or when it has been desired to facilitate measuring 
and mixing with other parts of the ration. (7)® Usually hay which 
has borne the costs of harvesting and stacking is pitched by hand 
into the ensilage cutter In order that the latter may discharge 
directly into the hay mow or other place of storage, it has been found 
necessary in many cases to haul the hay from the temporary stack 
to the cutter; thereby increasing the number of times it is handled. 
With each handling (of legume hays, at least) more leaves, the most 
valuable part of the hay, are lost, unless unusual care is used. The 
cost of producing chopped hay by these methods is unnecessarily 
high. 

In spite of the extra cost of producing chopped hay, the system 
has advantages. According to figures furnished by Tavernetti (15) 
cho])ped alfalfa hay occupies about 160 to 165 cubic feet to the ton 
as compared to an average of 150 cubic feet per ton as given by 
Freeman (5) for baled alfalfa hay and a range of 422 to 512 cubic 
feet to the ton as gmen by Stewart (14) for loose alfalfa. Hence, 
upon the farm chopped hay offers the advantage of reducing the space 
required for storage to about one-third f)f that required by hay in a 
loose condition. 

The actual work of .storing hay in the bam, where hay is run thru 
the ensilage cutter, is materially reduced from that required by loose 
hay. Blowing the material in replaces the complications of the 
tangling of tackle, the signaling of men, and the backing of horses. 
For this system, complex, cumbersome and expensive in human labor 
as it is now, is substituted a system, simple, effective and economical 
of labor in getting hay into the bam—the ensilage cutter. 

Experiments reported by Cuming (4), Sanborn (13), Henry and. 
Morrison (7), and Hickman and Rinehart (8, 9) seem to show that 

^Contribution from»the Division of Agronomy, University of California, 
University Farm, Davis, California. Received for publication November 30, 

1923. 

^Associate in Agronomy. 

^Reference by number is to “Literature Cited.” 
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chopped hay is more effective in feedinj^ livestock, pound for pound, 
than whole hay, tho neutral or negative results have been reported 
by Carlyle and Morton (i), Lindsey (lo) and Morton (12). As sug¬ 
gested by Morton (12) and Henry and Morrison (7) chopping is 
probably most effective when the hay is coarse or stemmy or when a 
considerable portion of it is refused by the consuming animals. 

To take advantage of the opportunities of lower cost for storage, 
lower cost of storing hay, and a possible greater feed economy in the 
use of chopped hay, a system of handling the hay to the cutter which 
would be cheaper and more efficient must be used. In an article 
by the writer (2) a system was suggested for harvested silage and 
soilage crops by the use of a “combined reaper ensilage cutter.” 
The reaper part of such a machine could be removed and enough of a 
hay loader or other hay elevating device substituted to raise hay from 
the ground to the feeding apron of the machine. By going down a 
windrow made by a side delivery rake, the hay would be elevated into 
the machine, cut, and blown into the carrier bin. The top of the 
bin would reciuire a canvas covering extending up to the end of the 
deflector to prevent the light material from being blown away. As 
soon as a “load” was secured the machine would go to the bam and 
blow the chopped material into the mow Larger organizations 
might Vie served by delivering the chopped hay directly from the 
cutter into a wagon equipped with suitable l^ed driven alongside. 

A few additional advantages of such a system suggest themselves: 

1. The Uibor of harvesting hay and especially of putting it into 
the mow would be reduced to less than that of any system in general 
use at the present time (i i). Only by trial can it Vie found whether 
the increased overhead charges of this system would more than offset 
the reduction in labor costs. 

2. If silage and soilage crops were grown in addition, the fixed 
charges of this machinery would be dmded ameng these three kinds 
of ser\dce. The systems of harvesting forage crops in these different 
forms have been built up on the basis of machines and processes or 
parts of machines and processes now in general use. It is possible 
and highly probable that some new mechanical device may be worked 
out which would be equally well or better adapted to each kind of 
work without the necessity of changing parts when the work is 
changed. 

3. By timiing the deflector of the machine as equipped for harvest¬ 
ing silage and soilage crops, so as to discharge onto the ground, com 
and grain sorghum stalks left in the field after the ears and heads had 
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been harvested could be cut up so that tillage could go on without the 
implements clogging because of the long uncut stalks. 

4. The number of men required at the “peak” of hay harvest 
would be reduced, as “machine labor” would replace “man labor.” 

5. A higher proportion of the leaves of legumes hays would be 
saved in the final chopped product than is saved by methods now 
generally used. The ensilage cutter would reduce all of the material 
to a size not much larger than the size of leaves. To handle any of 
the material, machines and wagonbeds would need to be made tight 
enough to hold in the leaves along with the stems. By the use of 
the system as outlined above the number of times the hay is handled 
before being chopped would be materially reduced with a resultant 
saving of leaves. Headdon (5) has found a mechanical loss of 
twenty per cent of the crop when hay is harvested under favorable 
weather conditions. Nearly all of this loss may be considered to be 
the leaves. More nutritious hay wnll result from preventing any part 
of this loss. 

Attention should be called to the possible disadvantages of this 
system of hay han^'est: 

1. There might be danger of spontaneous combustion when the 
hay is put away somewhat damp. There seems to be no instructions 
to farmers, however, which stress the greater danger of baled hay 
burning over that of loose hay for the same percentage of moisture. 
Chopped hay having approximately the same volume weight as baled 
hay would seem to bfe equally safe. 

2. Cho])ped hay might suffer on the market because of lack of 
means and equijiment for handling it easily. 

This system by applying the principles of the combined harvester 
to the harvesting of hay has been suggested primarily for hay intended 
for storage in bams. Greater weight per volume and greater ease 
in loading and in unloading into the bam together with a saving of 
a greater percentage of the leaves—^all tend toward a cheaper cost of 
hay with its attendant cheaper cost of livestock production where 
stored hay is an important item in the cost of production. A study 
of the advantages of the blower stacker as described by Cumings (3) 
seem to offer the possibilities for use of this suggested system with 
appropriate devices, for outside stacks as well, 
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INFLUENCE OF SOIL TYPE ON THE YIELD AND QUALITY OF 

PECANS’ 

J. J. Skinner- 

Variations in yield, size, and quality of pecans grown on different 
soil types have been noted in connection with investigations with the 
nut crop in the pecan belt of the South. The data secured showing 
these variations, which seem to be due to the soil on which they are 
grown, while not final, are here given as a progress report. 

The pecan is native in the rich overflow lands of the Mississippi 
valley and the dark deep soils of the southwestern states, but the 
modern pecan industry has been developed on the loams and sandy 
loams of the upper coastal plain soils of Georgia, Florida, and Ala¬ 
bama. The success of orchards has depended to a great extent on 
the soil selected and its cultural management. While no specific 
soil type or class can be designated as having the best qualities for 
pecan culture, it is recognized that the soil type is an important factor, 

'Contribution from Office of Soil Fertility Investigations, Bureau of Plant 
Industry, U. S. Department of Agriculture, Washington, D. C. Received for 
publication December 2, 1923. 

*Bioch enlist. 
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and that there are differences in the yield and quality of the crop 
produced on the different soils. The loams and sandy loams of the 
Greenville, Orangeburg, Norfolk, and Ruston soils have been utilized 
extensively for pecan growing in these states. They are the prevailing 
types of this belt and the experiments conducted are on these soils. 

FIRST EXPERIMENT 

In a block of trees comprising 23 acres, near Albany, Georgia, the 
major part of •which was utilized for fertilizer investigations, a section 
of the orchard was left unfertilized to serve as checks. The main 
portion of this orchard is on the Orangeburg sandy loam, but it 
contains small areas of the Greenville sandy loam, Norfolk sandy 
loam, and Ruston sandy loam. The orchard is composed of Stuart, 
Schley, and Alley trees and some of each of these varieties occur on 
each of the four soil types. The section of the orchard where this 
soil variation occurs was not included in the fertilizer experiment 
but records were kept of the yield, growth, etc., of these trees and an 
analysis of the nuts was made. It is on the results from these un¬ 
fertilized areas that the data here given are based. The trees were set 
in iQio and have been under the same cultural system and general 
fann management since the orchard was started. Yield and growth 
records of the trees have been kept since 1918. In 1922, nuts from 
each of the trees growing on the different soil types were examined 
in the laboratory do determine their size and filling quality and 
analyzed to determine the quality of the meat. The character of 
the kernel •was studied by determining its per cent of protein and oil. 

In Table t- A, B, C, the data concerning Schley pecans growm on 
Orangeburg sandy loam and Norfolk sandy loam; Alleys on Green- 
\Hlle and Norfolk soil; and Stuarts on Orangeburg and Ruston soils 
are presented. Comparisons should be made in each case between 
a single variety grown on two soil types as presented in the Table. 
The records given are averages of six trees in each case. 

In Table i-A, the size and quality of Schley pecans grown on 
Orangeburg and Norfolk sandy loams are given. The yield from 
these trees has in the five years of observation, from the 7th to the 
12th year of their growth, been greater by 16 percent on the Orange¬ 
burg soil than on the Norfolk soil. The size of the nuts is slightly 
larger as shown by their diameter and length, as well as weight. 
The percent of meat, which could be taken as the filling quality, is 
approximately the same for both soil types. The nuts from the 
Orangeburg soil contain 63.7 percent meat and those from the Norfolk 
soil 63.0 percent. The oil content of the kernel was slightly less 
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Table i . —Influence of soil on the size and quahty of pecans at Putney, Georgia, 
A—Schley Pecans on Orangeburg and Norfolk sandy loam. 

Orangeburg Norfolk 
sandy loam sandy loam 


Number of nuts per pound . 66 70 

Diameter of nut in 64th inch . 56 54 

Length of nut in 64th inch. . 108 105 

Meat in nut, percent. 63.7 63.0 

Oil in kernel, percent. 77-^ 78.1 

Protein (NX6.4) in kernel, percent. 9*6 8.1 


-Alley Pecans on (Greenville and Norfolk sandy loam. 

Greenville 
sandy loam 


Number of nuts per pound. 

Diameter of nut in 64th inch. 

. 71 

. 56 

80 

54 

Length of nut in 64th inch . 

. 87 

85 


Norfolk 
sandy loam 


C— Stuart Pecans on CJrangeburg and Ruston sandy loam. 


Number of nuts per pound. 

Diameter of nuts in 64th inch. . . 

Length of nuts in 64th inch. 

Meat in nut, percent . 

Oil in kernel, pejrcent. 

Protein in kernel, percent. 


Orangeburg 

Ruston 

sandy loam 

sandy loam 

60 

60 

57 

57 

. 91 

87 

49.0 

497 

•. 73.7 

72.6 

12.6 

12.8 


and the protein content slightly larger in the nuts grown on the 
Orangeburg soil, than on the Norfolk soil. 

In Table i-B, a comparison is made of Alley pecans grown on 
Greenville sandy loam and Norfolk sandy loam. The size of the 
nuts only is given, no analysis of the kernel having been made. 
The yield on these trees during the five years has been 29 percent 
greater on the Greenville soil than on the Norfolk soil. The data 
show that there was a larger yield and larger and better filled nuts 
on the Greenville soil than on the Norfolk soil. 

In Table i-C, the data are given for Stuart i)ecans on Orangeburg 
and Ruston soil. The yield was 28 percent larger from the trees on 
the Orangeburg sandy loam. There is no significant difference, 
however, in the size of the nuts or the quality of the kernel produced 
on the two soils. 

From the yield secured and analysis of the nuts grown on the 
different soils in this orchard it seems apparent that the soil has had 
some slight influence on the crop. The yield and quality of the nuts 
grown on the Greenville and Orangeburg sandy loams are somewhat 
superior to those grown on the Norfolk sandy loam or Ruston sandy 
loam. These four soils occur extensively in the coastal plains of the 
South Atlantic and Gulf Coast states and are among the principal 
soil types in this section of the pecan belt. The Greenville and 
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Orangeburg soils are closely related geologically and are good agri¬ 
cultural soils. The Norfolk soil also occurs with the former t37pes 
and is closely related to the Ruston soil. The Greenville type has 
reddish brown to red surface soil and bright red sub-soil. The 
Orangeburg type has gray to brown surface soil underlain by bright 
red sub-soil. The Norfolk type has a gray surface soil and yellow 
sub-soil while the Ruston has a brownish gray surface soil with a 
pale yellow to reddish yellow sub-soil. 

Each of these types when well grained and in a high state of 
productivity is suited to the growing and production of pecans. 
Any variation in the growth of the trees or quality of the nuts pro¬ 
duced on the different soil types should be of interest and would seem 
significant. 

SECOND EXPERIMENT 

A similar experiment to the one just described was made at Cairo, 
Georgia, on a 15-acre orchard. Three soil types; Norfolk sandy 
loam, Greenville sandy loam and Susquehanna sandy loam are present 
in the orchard, which was originally of the Frotscher variety planted 
in 1904, but alternate trees were top worked to Money Maker in 1918. 
Previous to igi8 this 15-acre tract was badly rosetted and in a run¬ 
down condition yielding few or no nuts. Since that date it has been 
greatly improved by the growing and ttirning imder of cover crops. 
A fair crop of nuts was produced in 1919 on the Frotscher trees and 
good crops on both Frotscher and Money Makc^r in 1921 and 1922. 
The 1920 crop was destroyed by insects. 

Of the soil types occurring in this orchard the trees are better on 
the Norfolk and Greenville soils than on the Susquehanna. 

Nuts were secured in 1922 fn.m three trees growing on each of 
the three soils types, which had received no ccmmercial fertilizer, 
that is, thovse trees which had seived as checks in a fertilizer experi¬ 
ment. The results of analysis of these nuts together with the yields 
and the chemical data of the soil are given in I'ables 2-A & B. 

In 1 'ablc 2 -A, the data are given for the Frotscher nuts grown on 
Greenville, Norfolk, and Susquehanna soils. The yield from the 
trees on the Greenville and Norfolk soils is respectively 27 and 23 
percent greater than from those grown on the Susquehanna soil and 
the nuts, as determined by measurement and the number per poimd, 
are larger. The percent of meat of the whole nut was 54.2 for the 
Greenville, 53.5 for the Norfolk, and 50.5 for the Susquehanna. 

The percent of oil in the kernel did not vary greatly, but was slight¬ 
ly less in the nuts from the Susquehanna soil. The nuts from the 
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Table 2. —Influence of soil on the size and quality of Pocans at Cairo^ Georgia, 
^—Frotscher pecans grown on Greenville, Norfolk, and Susquehanna sandy loam. 


Number of nuts per pound. 

Diameter of nuts in 64th inch 

Length of nuts in 64th inch. 

Meat in nut, percent . . . 

Oil in kernel, percent .... 

Protein (NX6.4) in kernel, percent .. 


Greenville Norfolk Susquehanna 
sandy loam sandy loam sandy loam 


70 

67 

76 

59 

58 

57 

97 

99 

89 

. 54-2 

53-5 

50.5 

68.5 

67.3 

66.5 

T 4-5 

12.8 

12.6 


B—Money Maker pecans grown on Greenville, Norfolk, and Susquehanna sandy 

loam. 

Greenville Norfolk Susquehanna 
sandy loam sandy loam sandy loam 


Number of nuts per pound . 

79 

78 

I13 

Diameter of nuts in 64th inch 

54 

54 

53 

Length of nuts in 64th inch . . 

80 

78 

75 

Meat in nut, percent . 

51.2 

50.2 

49.4 

Oil in kernel, percent 

. 71.8 

75.0 

695 

Protein (NX6.4) in kernel, percent 

11.4 

11.8 

10.3 

Carbon content of .soil, t>crcent . 

1.99 

0.94 

1.48 

Nitrogen content of soil, percent 

0.091 

0.046 

0.059 

Hydrogen-ion concentration of soil (pH) 

5-4 

5-9 

5.8 


Greenville soil contained 68.5 percent oil, from the Norfolk soil, 
67.3 percent, and from the Susquehanna 66.5 jiercent. The protein 
of the nut meat was also less in the nut. from the Susciuchanna soil; 
which was 12 6 percent against 14.5 percent for the Greenville and 
J2.8 percent for the Norfolk. 

The data for the Money Maker variety are given in Table 2~B. 
It is ajiparent that the size and quality of the nut is not as good on 
the Susquehanna soil as on the Greenville and the Norfolk. The yield 
of the nuts was 4 q percent greater for the Greenville and 43 percent 
greater for the Norfolk than for the Susquehanna soil. The percent 
of meat, oil, and protein was also less With both varieties, the 
Susquehanna soil produced an inferior nut and a smaller yield than 
did the Greenville and Norfolk soils in this orchard. 

The Greenville soil contained more organic matter and nitrogen 
and was slightly more acid than the Norfolk and Susquehanna soils. 


THIRD EXPERIMENT 

In 1922, pecans were secured from two orchards in Baldwin County 
near Robertsdale, Alabama; one of which was on the Orangeburg 
sandy loam and the other on the Greenville sandy loam. The 
orchards were situated in close proximity to each other, were owned 
and naanaged by the same party and the cultural system for both 
was the same. The trees were of the Schley variety and were set 
out in 1912. Both have grown well and have been successful. The 
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orchard on the Greenville sandy loam comprised 5 acres and that 
on the Orangeburg sandy loam, 15 acres. 

Nuts secured from the 1922 harvest were analy;>:ed and graded and 
the data given in liable 3. 

Table 3. —Influence of soil on the size and quality of Schley pecans grown on two 
soil types at Rohertsdale^ Alabama. 

Greensville Orangeburg 
sandy loam sandy loam 


Number of nuts per pound. 60 67 

Average weight of nuts, grams . 7.5 6.8 

Diameter of nuts in 64th inch . 54 52 

Length of nuts in 64th inch. 118 lio 

Meat in nut, percent. . . .... . 61.4 59.4 

Oil in kernel, percent. . ... . 78.5 78.2 

Protein in keniel, (NX6.4) percent. 11.6 ii.o 

Sugar (invert) in kernels, percent. 2,6 2.5 

Carbon cemtent of soil, percent. 1.6 1.4 

Nitrogen content of soil, percent. 0.059 0*057 

Hydrogen-ion exponent of soil (pH). 5.8 6.4 


As may be seen from Table 3, the nuts grown on the Greenville 
soil arc larger and heavier. A record of the yield was not secured, 
but the manager of the orchard stated that the yield from the Green¬ 
ville orchard was 25 percent greater than from the Orangeburg in 
1922, and that this orchard had produced larger yields in previous 
years. The laboratory data unquestionably show that the nuts from 
the Greenville soil were larger and better filled than the nuts from the 
Orangeburg soil. The oil, protein, and sugar content of the pecans 
from the two orchards were practically the same. 

An analysis o^ the soils showed the Greenville to contain slightly 
more organic matter and nitrogen than the Orangeburg. 

The Greenville soil was more acid than the Orangeburg, the former 
had a jdl value of 5.8 and the latter of 6.4. 

The tree growth in the two orchards is very good and will compare 
favorably with the general run of pecans of the same age on these 
soil types. There was no apiparent difference in the trees on the two 
soil types. There was, however, a difference in the yield, size, and 
quality of the nut; which appears to be due to the soil differences. 

SUMMARY 

The data given in the foregoing tables arc from orchards where the 
factors, except the soil, are similar. In each case presented, it 
appears fair to^conclude that the differences in yield, size, and quality 
of the nuts are due to the soil. 

Schley pecans produced better yields and a larger nut on Orange¬ 
burg sandy loam than on Norfolk sandy loam at Putney, Georgia. 
There was very little difference in the percentage of meat, oil and 
protein content of the meat, from the nuts grown on the two soils. 
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Alleys produced larger yields and a larger nut on Greenville sandy 
loam than on the Norfolk sandy loam at Putney, Georgia. Stuarts 
produced larger yields on Orangeburg sandy loam than on Ruston 
sandy loam at Putney, Georgia. The size, percentage of meat and 
protein content of the meat, were practically the same in the nuts 
grown on the two soils. The oil content of the kernel was slightly 
higher in the nut from the Orangeburg soil. 

Frotschers produced larger yields on the Greenville sandy loam and 
Norfolk sandy loam than on the Susquehanna sandy loam at Cairo, 
Georgia, The nuts were larger, better filled, and contained a higher oil 
and protein content on the two former types than on the latter. 
There was practically no difference between the yield and quality 
of the nut grown on the Greenville and Norfolk soil, the slight 
difference which prevailed was in favor of the Greenville soil. Money 
Makers produced larger yields, larger and better filled nuts of a higher 
oil and protein content on the Greenville sandy loam and the Norfolk 
sandy loam than on the Susquehanna sandy loam at Cairo, Georgia. 
There w-as practically no difference in the nuts from the Norfolk and 
Greenville soil 

Schleys produced larger yields and larger and better filled nuts on 
Greenville sandy loam than on Orangeburg sandy loam at Roberts- 
dale, Alabama. The oil, protein, and sugar content of the kernel 
were practically the same in the nuts, growm on the two soil types. 

MINIATURE THRASHER AND SEPARATORS 

W. W. Mackie and a. H. Hoffman^ 

Agricultural experiment stations have long sought a satisfactory 
machine for thrashing and separating the single bundle harvests of 
the rod-row^ experimental plots, which would clean itself automatically 
without stopping between bundles. To meet this need a new machine 
has been designed and built by the Agricultural Engineering Division 
of the University of California. It did excellent work at the Univer¬ 
sity Farm at Davis this season. 

The machine was designed to have the following characteristics: 

1. Thorough removal of the grain from the head. 

2. Little or no injury to grain by cracking or scratching. 

3. Removal of straw and chalT without loss of grain. 

^Contribution from the Division of Agronomy and of Agricultural Engineering, 
University of California, Berkeley, Calif. Received for publication November 

24. 1923. 

‘Assistant Professor of Agronomy and of Agricultural Engineering,respectively. 
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4. Perfect automatic cleaning^ out of all grain from the entire 
machine after each sheaf is run through. 

5. Adequate capacity for large as well as small bundles. 

6. Ease of adaptation for grains of different thrashing character¬ 
istics. 

7. Ease of adjustment and accessibility for inspection and repair. 

8. Simplicity. 

Q. vSmall size and portabilit^^ 

10. Strength and durability, lacking in wooden machines. 

DESCRIPTION OF THE THRASHER 

The new machine has but one shaft. On it are the cylinder and the 
blast fan. The concave is the overhead type. Beneath the cylinder 
and fan is the grain drawer. The air blast passes dowm through the 
fan housing, into and across the grain drawer, thence upw^ard through 
the descending grain and out, carrying the chaff' and straw away 
through a discharge tube. There are no racks, riddles or screens of 
any kind. 

1'he sheet metal feed table ha.s its bottom sloping at. about ten de¬ 
grees toward the cylinder except at the throat where the slope is 
twenty degrees. The bottom of the throat ends in a comb-shaped 
portion, the teeth of which dovetail in betw^een the rows of cylinder 
teeth and prevent unthrashed heads dropping directly to the grain 
drawer. A heavy sheet rubber curtain hangs across the throat. Its 
lower edge is one inch from the feed table surface. 

The cylinder is of gray iron cast integral. It is 8 inches long, 10)4 
inches outside diameter, and oM inches inside diameter The open 
bell end is closed by the steel disk to which the blades of the fan are 
attached. The cylinder is machined to true circles and carefully 
balanced both before and after insertion of the teeth. 

The overhead type concave is of gray cast iron inch thick, 8 
inches wide and lOo degrees of arc in length. (This length suffices 
to direct the thrashed grain safely past the chaff outlet.) Cap 
screws held in slots in the support bars hold the concave securely 
and enable ready adjustment of tooth clearance. 

The teeth for cylinder and concave are hand forged from f inch 
round mild steel rod» The working surfaces are casehardened. The 
length projecting is tK inches. They are given a f inch S. A. E. 
standard screw thread of slight oversize and fastened into holes, 
drilled and tapped in cylinder and concave, and secured by lock 
washers and locknuts. The full complement of teeth is 48 for the 6 
rows on the cylinder and 21 plus 6 half-teeth in 3 rows on the concaves. 
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The half-teeth are carried by the housings. Their forward surfaces 
are sloped (making the section a right triangle with hypothenuse 
facing the oncoming grain) to avoid cracking. 

The blast fan is of heavy sheet metal and is held to the open end 
of the cylinder casting by six f inch capscrews, each of which passes 
through the vSupporting side of a fan blade. 'Fhe fan diameter is 
15! inches and the width 33^ inches Two slides regulate the size 
of the 6-inch diameter air inlet. A guard of coarse wires covers the 
inlet. Fan and cylinder are on the same i inch shaft but run in 
sheet metal housings which are separate down to the top of the grain 
drawer. 

The grain drawer occii])ies the whole S])acc under the cylinder and 
fan housings and fits closely to their k>wer edges The curved bottom 
is designed to avoid dead air ])(ickets 

A sheet metal deflector is hinged to the front of the machine directly 
above the grain drawer 

Places for grain to lodge* and mix witli a later batch, e. g gaping 
joints, projecting bolt heads, nuts, screws, etc in the interior of the 
housings, are carefully avoided in the ('onstruclion Good workman¬ 
ship is essential. 

The pulley used is lagged and is 4 inches long, and 5 inches diameter. 
I'oo small a pulley is undesirable because of increased tendency for belt 
slippage and consequent non-uniformity of speed. 

A 4 II. P. Cushman gasoline engine was used to drive the thrawsher, 
though other makes of variable speed, thnMAle go\'erned engines of 
3-horsepowTr or larger si/e W'ould be equally satisfactory. 

OPERATION 

The heads only are thrashed, the rest of the straw being drawn back 
and discarded. 

For dr\’ wheat, barley and oats of the Exjieriment v'^tation at Davis, 
alternate teeth of the first row^ and all of the third row^ on the concave 
were removed. The clearance betw^een teeth on cylinder and concave 
was set at ^ of an inch. No change was found neccvssary 

The cylinder speeds used ranged from about 800 r. p. m. for the 
driest wheat to about 1300 for the barley wdien toughest. Since 
speed regulation could be obtained easily and in a moment, the speed 
was changed two or three times a day to get the best results. It 
was found possible to run at high enough speed to knock ofT the barley 
awns without blowing out any good grain. 

After the last of a bundle is thrashed, any shelled-out grain on the 
feed table is brushed on in with a wisp of straw^ Next, by pulling 
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the grain drawer out, the air blast is sent outward directly from the 
grain drawer instead of backward under the cylinder. The grain is 
stirred by hand to remove any remaining chafi and straw joints. 
The deflector hinged above the drawer ])revcnts chaff re-entering by 
way of the fan intake 1'he blast may be regulated by the distance 
the drawer is ])ulled out, lienee the regulating slides at the fan intake 
need not be disturbed The drawer witli tlie thrashed grain and its 
identifying tag goes to the weighing and recording room. A second 
drawer bearing the tag of the next rod-row is slid into place and the 
machine is ready for the next sheaf. Tw(j men bringing up the grain 
and operating the machine were able to keej) a third man busy weigh¬ 
ing, scaking and tagging the product and keeping the record. 

Figure i shows the machine in its first fonn ready for the field. 
Figure 2 shows it in use. Blue jirints showing details of eonstniction 
maybe obtained from Division of Agricultural Engineering, Univer¬ 
sity of (.California, r)a\'is, (Calif. 


STUDENT'S METHOD FOR INTERPRETING 
PAIRED EXPERIMENTS! 

II H. Love and A. M. Brunson* 

During recent years there has been manifest a considerable interest 
in experimental error as applied to agronomic trials, with the result 
that experiment station workers are divided more or less sharply 
into two groujis. The first of these groups ranges from those extrem¬ 
ists who would discard as worthless all results which do not conform 
to certain standards to those more conservative individuals who, 
while recognizing the merits and advantages of the probable error 
concept, realize also the limitations and weaknesses of current prac¬ 
tices in certain of its applications. I'he members of this group all 
favor to a greater or less degree the use of the probable error in the 
analysis of agronomic data. In the other group are those who are 
most impressed by the shortcomings and limitations of the probable 
error concept as applied to agronomic experiments and would discard 
it as worthless, or at least as unneccvssary, except in specialized cases 
such as in genetics, where large numbers of individuals arc to be 
considered. Without reviewing specifically the recent articles on the 
subject, it may be assumed that a diversity of opinion exists as to the 

draper No. 114, Department of Plant Breeding, Cornell University, Ithaca 
N. y. Received for jmblication December 12, 1923. 

^Profes.sor of Plant Breeding, Cornell University and Agent Office of Cereal 
Investigations, Bureau of Plant Industry, U. vS. Department of Agriculture, 
respectively. 
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value of the probable error in the int,er])retati()n a^^ronoruic experi- 
meiits. 

Much of the criticism of the a])plicatioD of the probable error 
conce])t in determining^ the sij>:nificance of field trials comes from those 
who have been disappointed wlien a differenee in yields, which is 
obviously significant, is not proved to be so hy the use of the usual 
fonnulas, such as l^essel’s nr Peter’s Ve^y often this difference 
can not be proved in comjiaring two series of nbseiwations, each of 
which has a high dispersion coefticicait, due to the fact that the ex¬ 
periment extended o\’er a jieriod of ye^irs or included a Vciriety 
of soil or (jther environmental conditions As an example of this 
type, there may be cited the yields of two varieties c^f oats on the 
plots of th(‘ I)c]jartment of Plant Breeding at Cornell University 
over a period of nine years, as given in Table i. 


T\hlI' r I'hc yields of two ranrhes of oats for a period of nine years. Prahahle 
errors of the means <al(iilated anording to BesseVs method. 
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Odds of 4.3 to I are far too small from which to conclude that the 
difference in yielding capacities of the two varieties is statistically 
significant, yet few agronomists would hcvsitate to assert from an 
examination of the data that under the conditions of the experiment 
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one variety was distinctly hi^^her yieldiii)^^ than the other. In every 
one of the nine years, (ireat Northern produced a higher yield than 
Hij^" Four, and as an average of the entire period the difference was 
7.4 bushels per acre. It is the attem])t to hannonize these conflicting 
conclusions that has caused a distrust the whole probable error 
concept in the minds of many. 

Is there not a fundamental fallacy involved in the argiunent that 
Bessel’s or Peter’s fonnula is ajiplicable to these and similar data^ 
Has not the analogy between determinations made in the exact 
sciences and the measurement of field t)lot trials been drawn too 
closely ’’^ A ph}^sicis1, for instance, may assume that under certain 
conditions hghl has a definite and fixed velocity which he desires to 
detcnninc' as accurately as ])ossible. The deviations obtained in 
one hundred measurements of this value would be expected to ap¬ 
proximate a normal curve of error about the tnie value. If there be 
calculated from this distribution the standard deviation and the 
])robablc c^rror the mean, an accurate measure of the reliability of 
the result is obtaiiu'd, and it is easily possible to ('alculate the limits 
within which the chances arc i to i, 30 to i, or 100 to 1, that the true 
value lies Such a mean value, together with its ])robable error, may 
be compared wdth anf)ther mean value, together with its probable 
error measured under a different set of conditions, and concluvsions 
drawn as to whether the two mean values are significantly different 
Now in obtaining the mean yield of a given variety, or a given soil 
treatment, or a given rotation, there is no ‘‘correct” or “absolute” 
yield vhich mav he atijiroximated within the limits of exyienmental 
error. The final yields depend upon a complex series of environ¬ 
mental fact(^rs, many of which ma\' be imiierfectly controlled and 
many of vdiich arc wholly outside thi^ realm of human control. This 
high variability cannot be emphasized too strongly, since a])parently 
it IS sometimes lost sight of in interpreting results. Some authors 
seem to accejit the average of a series of plot yields as being of a 
definite value. Such an average is obtained from a set of variables 
and can onl}' express the mean about which the variables fluctuate. 
In the scries of yields given in Tabic i, each year’s results are separate 
identities depending in value upon the seasonal conditions, and 
upon the fertility of the individual jdots where the experiments were 
conducted that year It seems to be a mistake to assume that the 
differences from year to year are merely fluctuations about an ab¬ 
solute yield due to errors of random sampling. 

What is the main point in such experimental trials is the compari¬ 
son of yields of the two varieties and not the absolute yield of either 
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one. It is of interest to know Ijotli the mean ^^ain of one over the 
other and the consistency of that j^ain. In other words, tlie problem 
deals with the ])airinf:: of each year’s results in the order in which they 
occur. Bessel’s and Peter’s formulas ])ay no attention to this ])air- 
ing. The degree of significance obtained by their methods would be 
the same irrespective of the order of the ^delds in the two coliunns; 
thus there would be obtained the same dihe:cnce and probable error 
of the difference and, therefore, the same odds i^ the \ields had been 
arranged in the arbitral*}^ order shown in 1'able 2 without reference 
to the year in which they were obtained. 

Tahij<. 2 —Assunif d rean(wyr}ni’nl oi yields from I'ulde i paying no attnittoii 
to pdinii^ hv years 




})l 1 .'Kl'C 



(ir(Ml XoiilKTii 

Big Four 




ini. 

mgs 

7 S 9 

1919 

10.9 


7^9 

1919 

4‘ 

1912 

71 0 

1914 

45 t 

1918 


1915 

71 0 

1914 

489 

1913 

9(> 5 

T919 

48 4 

1912 

54 7 

1920 

48 I 

1918 

53 4 

1917 

47 9 

1917 

45 4 


4A S 

1<)20 

44 ^ 


In this avSsumed order it appears tliat in the first instance (Ireat 
Northern outyielded Big I^'oui liy 3S o Inishels per acre but in only 
four of the nine comjiarisons did the* former rmtyield tin: latter at 
all Although the degree of significance o])tamed by Bessel’s or 
Peter’s Pirmula is the same for both tables, it is much easier to have 
confidence in the results indicated in Talde i, and to conclude from 
Table 1 that an actual inherent difference does exist between the 
yielding capacities of the tuo vaneties under conditions existing at 
Ithaca, N. V. 

From the agronomist’s })omt of view the comparison in Table 1 
would have been no mon^ convincing if all of the seasons concerned 
had haj)])encd to be similar, giving much more uniform yields wdthin 
each variety. This unifonnity in seasons, how'cver, ivould have 
materially low'cred the probable error of each mean, and consccjuently 
the probable error of the difTerence, so that the difTerence might con¬ 
ceivably become highh' significant, even though the parallelivsm of 
the two varieties, the mean gain, and the consistency of the gain were 
no more pronounced. The crux of the whole situation seems to be 
that in using Bessel’s or Peter’s formula it is assumed that there is 
an actual definite mean yield for each \'ariety or treatment; that 
deviations in ^deld due to seasonal or place effects are errors of random 
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sampling; and that tlie decree of parallelism between pairs of obser¬ 
vations is of no moinenl in estimatinj^ the de^^ree of significance of a 
difTerence. 

In contrast to Bessel’s and Peter’s fonimlas there has been avail¬ 
able for some time a method® which takes into con^sideration the 
parallelism of paired obserA^ations, and which j^^ives weij>;ht to the 
amount and the consistency of the individu£il gains in estimating 
the significance of the mean difference. An anonymous author, 
signing himself “Student,” xniblished his first exposition of this 
method together with its mathematical proof in 1908, but unfortu¬ 
nately the advantages of this method thus far have been largely 
overlooked. In Table 3, the data presented in Table i are recalcu¬ 
lated by this method 

T\RLr: 3 The yields of two vafiettes of oah f/s shown in Tatde I. Probability 
of the {ii(feienie caUnlated according to Student's method^ 



Yields i)cr acre 

Gam of 




Great 

Big 

Great North¬ 



Year 

Northern 

Four 

ern over 

D 

1)2 


bu. 

bu 

Big Four 



1912 

7T.0 

54 7 

16 3 

-89 

79.21 

191.^ 

7 d 9 

60.5 

134 

-6.0 

36.00 

1914 

4^.9 

4 S 1 

3 .« 

3.6 

12.96 

1915 

7«-9 

71 0 

7 9 

5 

•25 

1916 

43 S 

409 

2.6 

48 

23.04 

1917 

47.9 

45 4 

^ 5 

4-9 

24.01 

1918 

63 0 

53 4 

9 6 

2.2 

4.84 

1919 

48 4 

41 2 

7 -’ 

2 

.04 

1920 

48.1 

448 

^ 3 

4 i 

16.81 



Mean 

7.4 


S 197.16 




<r = 

4 68 



Z — - I 5S 

4 (}H 
P - 99«y 
Odds - ()oS lo I 

HX nnglil bf well ])assiTig to iH>nit out that it one finds it more convenieril 
to caU’ulate <r (standard deviation) direc'th from the column headed “Gam of 
Great Nortlierii over Rig J'^mr,’' it may be done without obtaining M-G and 
(M-G )2 This is done as follows: vSi^uare the values in this column and sum. 
This gives 690. IJivide this by the number of items (9) and this gives 76.6667. 
Square the mean dififerenev 7 4 and subtract from 76.6667 which gives 21.9067. 
The square root of this is 4.6S or <r 

Deviations in this case are the differences between the annual 
gain of (Ireat Northern and its mean gain. The values of P for 
corresponding values of Z may be found in Student’s original articles 
or in Pearson’s “Tables for Statisticians and Biometricians.” The 
use of this method gives veiy' high odds against the possibility that 
•’'Student, Riometrika 6- 1-25, 1908. ibid. 11:414-417, 1917. 
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such a difference between thcvse varieties is due to chance, or in other 
words, if the same variety had been sown on the two plots each year, 
the odds are 908 to 1 against such a difference occurring. Unlike 
Bessers formula, the rCvSults obtained from the use of vStudenUs 
method are greatly influenced by the pairing of the comparisons, 
and this is what the investigator is interested in emi)hasizing. 

Attention has thus far been confined to a series of comparisons 
extending f )vcr a perir)d of years. Although the tw( > varieties concern¬ 
ed were grown imdcr comparalde conditions eacli year, the seasonal 
conditions and the plot s were* so changed that the yields of each variety 
were vsubject to marked fluctuations from year to year. A somewhat 
similar problem is presented when the problem deals with yields for 
the same year or period c)f years, but from different locations. Here 
there is a high variability within a given treatment due largely to 
differences in jiroductivity of the soil of the \^arious localities, al¬ 
though differences in altitude, climate, etc., may have an a])preciable 
effect if the several pairs of comparisons are far enough apart The 
3nelds of corn reported from six outhang soil experiment fields in 
northern Illinois® ccmiparing the effect of no treatment vdth the 
application of manure have been taken as an exami)le of this class of 
data. The fields were all on the vSame soil type, subject to the same 
rotation and similar cultural cf>nditif)ns I'he ('orrespemding cal- 
culaticms of ju'obability by Bessefs and Student’s methods are given 
in Tables 4 and 5 respectively 


T\ht.l 4- lit e (’fleet of matt lire on the ytehfs of lorn in different fields 
Prohahility (iiltuhited acrordin^ to Brsi>el's method 


No 


Yields pel 

r acre 

yt'ars 

Pi. 4(1 

No 


averaged 


t rc^atuieiil 

Ma mire 



]»u 

Lu 

4 

.MeUo 


79.1 

4 

I )ixon 

4^*3 

.S« S 

5 

johet 

^2 0 

VI s 

4 

Kewanee 

SO 0 

9S.2 

4 

La Moille 

5:2 5 

64.4 

4 

Ml Morns 

p) 9 

60 4 


Mc'an 

49 .‘^) =b <>07 

dr 3.()0 


DifTerence 

11 « =b 4 ‘>4 



D II « 


-- --=. 2. = < >dds H ^ lo I 

P.E.D. 4.94 

Due to the high variability in both the untreated and manured 
plots, the probable eiTors of the means in Table 4 are large, with the 
result that the use of Bessel’s formula does not show a difference to 
be significant, altho it is manifestly so. Using Student’s method in 

^Circiilar 260, Illinois Agricultural I 5 xpenmcnt Station. 
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Table 5. —The effect of manure on the yields of corn in different fields as shown 
in Table 4. Probability calculated according to Student's method. 


No. 



Yields jxT acre 


years 

Field 

No 


averaged 


treatment 

Mannre 

Gain 



bu. 

bu. 

bu. 

4 

Aledo 

66.5 

79.1 

12.6 

4 

Dixon 

42.,^ 

.SH.,S 

16.2 

5 

Joliet 

,^2.0 

.YL.S 

7.5 

4 

Kewanee 

590 

(>8.2 

9.2 

4 

La Aloille 

52-5 

64.4 

11.9 

4 

Mt. Moms 

46.1) 

60.3 

13.4 




Mean 

11.8 


<r — 2.82 

11.8 

Z -- = 4.18 

2.82 
P - .999« 

Odds ==^ 4999 to I 

Tabic 5, the odds are very that manure produces a significant 
increase over no treatment, as would be expected from a casual 
observ^ation of the data 'I'here is meant to be no implication that 
it is argued a priori that Student’s method is the better method be¬ 
cause it gives the greater odds 'Phe advantage f)f Student’s method 
is due rather to the fact that it recognizes the necessity of comparing 
the observations made under similar conditions and docs not avssume 
that there are absolute values in field trials from which all deviations 
are fluctuations due to errors of random sampling The fact that 
conclusions reached with the aid of Student’s method harmonize 
closely with the obvious facts of the case in the examples given, 
whereas those arrived at by means of Bessel’s fonnula do not, leaves 
little argument in favor of BeSvSel’s method for experiments similar to 
the ones cited. It also may serv^e to increase the confidence in 
vStudent’s method of some who have not recognized the value of its 
application, where the deductions arc not so obvious. 

It is only a step from the example given in Tables 4 and 5, which 
includes plots from various parts of a state, to the consideration of a 
given experiment repeated on different portions of a non-uniform 
field. Where the different replications of an experiment fall on plots 
of different natural cajiacity (and they always do so to a greater or 
less degree), there are the same advantages from pairing the com¬ 
parisons and using Student’s method as in the case of the data in 
Table 5. It must be assumed, however, that the members of each 
pair are exactly comparable, and care must be exercised in planning 
an experiment to make this as nearly true as possible. It has been 
pointed out by various students of plot technique that increasing 
the number of replications does not in the majority of cases reduce 
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the probable error as calculated by Bessel’s formula m accordance 
with mathematical expectancy, because it is impossible to obtain 
large areas as uniform as small areas. The use of Student’s method 
does away with this argmnent against replication, since by using it 
the problem does not deal with the variability of each treatment as 
such, but only with the variability of the series of differences between 
the various ])airs 

vStudent’s method is, of course, not universally a])])licable and is 
not justified where the obseiwations do not naturally fall into pairs 
as a result of the conditions of the cx])eriment. Take, for example, 
two l(jts of steers bt^ing fed difierently tf> determine the relative merits 
of two rations y\ssuming that due care has been exercised to have 
all the animals in both lots as unifonn as ])()ssil)]e with respect to 
breed, age, and prtwious treatment, there is no reason why an individ¬ 
ual of one lot vShould be compared with any one especial individual of 
the other lot In this case the mean of each lot together with its 
probable error 1 a' Bessel’s or Peter’s ff>rmula is the best method of 
C(mi])arison Similarly in the case of a niunber of freezing point 
depressions or osmotic j')ressure determinations, taken on the same 
material at the same time, Bessel’s or Peter’s fonmila would be the 
method to use. Where ])Ot. cultures in a giX'enhouse are replicated 
several times, there is tk) basis for pairing a ])ot of erne treatment 
with a t)ot of another treatment unless the environmental conditions 
were more nearly alike for th(‘ jiair than for the entire series 

Although Student’s method may be used in calculating the signi¬ 
ficance f)f as fi’W as two jiairs of obser\utions, extreme caution should 
be exercised in drawing conclusions from an\^ experiment in which 
the number of replications is very small. In common with (»thcr 
measures of fluctuations in sampling, a strictly numerical interpreta¬ 
tion of constants detennined from small populations may give a false 
sense of security as to the reliability of the samyile As an example 
let us consider a hypothetical case involving a duplicated comparison 
of two varieties of wheat. 


Variett’ A 

Variety B 

Gain 

I) 

D2 

245 


24.0 

5 

0 

0 

11 II b 

.5 

0 

3.000 

26.5 

.5 

Mean = 5 

0 

or ~ 0 

0 

Odds are infinite. 
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Obviously the chances that variety A will always outyield variety 
B under these conditions do not amount to absolute certainty. As 
pointed out by Student in his original article, the probability obtained 
in using a very small number of instances is likely to be too high, 
and overconfidence in unexpectedly high odds under such conditions 
must be guarded against. Biometrical methods are such that they 
must be used with great care and the experimental results wisely 
and iudici('>us1y inteq^reled if the conclusions reached arc to be of 
pennanenl \Tilue. vStudent\s method is no exception to this rule, 
but when correctly used it is believed to be particularly applicable 
to the interpretation of many phases of agronomic work and to merit 
a wider recognition than it now enjoys. 

SUMMARY 

Too close an anak^gy should not be drawn between the detenni- 
nation of exact constants and the results of com])arative agronomic 
experiments. Bessel’s and Peter’s foimulas are not ada})ted to 
calculating the degree of significatice of a difference between two 
varieties or two comj)arative treatments in exj)criments in which 
the variability within each variety or treatment is high because they 
extend through a series of years or because of place effect. Por ob¬ 
servations which naturally arrange themselves in ])airs, vStudent’s 
method is a better method with which to determine the j)robabihty 
of the difference, and deserv^es a larger application in the intre])reta- 
tion of agronomic investigations 

A MODIFICATION OF STUDENT^S TABLE FOR USE 
IN INTERPRETING EXPERIMENTAL RESULTS^ 

, H. H. Love^ 

Elsewhere in this Journal^ there has been presented some argu¬ 
ment for the use of Student’s method for interpreting the results of 
experimental work, particularly where the experiments have been 
so conducted as to admit of pairing. This method consists first in 
detennining the difference between two experiments, say A and B. 
Then the mean difference or mean of these differences is obtained. 
The difference between each value and this mean is then obtained 
and from these values the standard deviation is calculated by the 
usual method. 

’Paper No. 120, Department of Plant Breeding, Cornell University, Ithaca 
New York. Received for publication December 22, 1923. 

^Professor. 

"See preceding article. 
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Varicly A 

X^arieiy B 

fA-B) or \) 

D-M 

(I)-MF 

293 

20.4 

8.9 

- .3 

.09 

2T.3 

20 2 

I.T 

8.1 

65.61 

30.7 

20 I 

10.6 

•4 

1.96 

30.2 

234 

() 8 

-24 



23*7 

12 7 

3 .S 

12.25 

374 

19 3 

18.r 

8.9 

79.21 

35 .^> 

25.1 

u >5 

1.3 

1.69 

27.8 

18 7 

9.1 

.1 

.01 

24.7 

174 

7 3 

-I 9 

3.61 

3 t ^-3 

2 i).b 

6.7 

“2 .S 

6,25 


Sum 01 H io|i7().44 

9 I.« __ 

Mean-- 9.18 V 17.L44 4.2 

10 

taken as 9.2 

0.2 

Z — - = 22 

\ ^ 

J^''or exani])le, tbe following; comparison between two varieties of 
wheat will illiistralo the method. 

When Z = 2 2 and n = 10 tlie odds from the table are found to be over 
9999: 1. 'this means tliat the odds are 9990 ^ against a difference 
as ^reat as this occurring due to cliance alone. That is, the odds 
indicate a real diHerence in yieldinji^ power between these two varieties. 
Jf desirable the standard deviation ma}^ be calculated directly from 
column I), as <.^iven in the footnote in the precedin^^ article 

h\ir the values of Z <)l)tained. Student has prepared a table show¬ 
ing the probability of a ditference as great as that obtained being due 
to chance alone. From this tabic one can calculate the odds 
that such a ditference is due to chance and express the final results 
as a ratio, such as 20 : 1. 

Since this method is found very usefnl in our laboratory wo have 
had occasion to calculate such odds very frequently. As this involved 
calculating odds for each detennination or result, it seemed that it 
would be convenient to calculate the odds for the values in Student’s 
tables so that one could refer directly to these values. This has 
been done by Miss l^Yaiicis Feehaii of this department, and, since it 
was felt that such a tabic might be useful to others, it is here presented. 

In making these calculations the odds values for the probability 
value as expressed in vStudent’s table have been calculated and in 
addition the table has been enlarged by detennining the odds for the 
intermediate values of Z. For example, in the original table for the 
lower values for Z the difference taken is one-tenth. In this table 
as now calculated the intermediate values have also been calculated, 
such as .55, .65, and so on. This has been done by direct interpola¬ 
tion and is sufficient for all practical purposes. 
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Table 1 —The calculated odds for the Z values of Student* stable for estimating the probability 
that the difference between a series of paired experiments is significant, {In addition to 
calculating the values for Z as given in Student's table the values for the intermediate classes 
have also been calculated.) 


z 

!1 =2 

n="3 

n=4 

0=5 

n =6 

n = 7 

n = 8 

n=9 

n =* 10 

.1 

1.14 

1.22 

1.29 

*‘35 

1.40 

1.46 

*.50 

*55 

*‘59 

.15 

I.2I 

1.35 

1.46 

1.56 

1.66 

*‘75 

*‘83 

1.92 

2.00 

.2 

1.29 

1.49 

1.66 

1.82 

I‘97 

2.12 

2.26 

2.41 

2.55 

.25 

I‘37 

1.64 

1.88 

2.10 

2.32 

2‘54 

2.75 

2.97 

3.19 

.3 

1.46 

1.81 

2.13 

2.44 

2.76 

3.08 

3‘4* 

3.75 

4.11 

•35 

I‘54 

1.98 

2.40 

2.81 

3‘24 

3*68 

4.14 

4.62 

5‘I3 

.4 

1.64 

2.18 

2.72 

3‘27 

3‘85 

4.48 

5.15 

5.88 

6.67 

*45 

1.73 

2.39 

3.05 

3‘75 

4‘5* 

5.33 

6.24 

7.24 

8.34 

.5 

1.84 

2.62 

3.44 

4‘35 

5.36 

6.50 

7.80 

9.26 

10.9 

.55 

1.94 

2.85 

3.85 

4-97 

6.25 

7.72 

9.42 

11.4 

13.6 

.6 

2.05 

3.12 

4.33 

5.75 

7.42 

9.42 

11.8 

14.6 

18.0 

.65 

2.16 

3‘39 

4.82 

*>‘54 

8.62 

11.2 

14.2 

*7.9 

22.5 

.7 

2.27 

3.69 

5‘4i 

7‘55 

10.2 

*3.6 

17.8 

23.1 

29.8 

‘75 

2.39 

3‘99 

5‘99 

8‘,S5 

11.8 

16.0 

21.4 

28.3 

37‘2 

.8 

2.51 

4.33 

6.70 

9.82 

14 0 

19.5 

26.8 

36.5 

49.3 

.85 

2.62 

4.66 

7‘39 

II.I 

16.1 

22.9 

32.1 

44.5 

61.1 

•9 

2.75 

5.04 

8.22 

12.7 

18.9 

27.7 

40.0 

57‘i 

81.0 

‘95 

2.87 

5.41 

9.03 

14.2 

21.7 

32.4 

47.8 

69.4 

TOO. 

I.O 

3.00 

5.83 

lO.O 

16.2 

25‘5 

39.2 

59.2 

89.1 

*32. 

1.05 

3.12 

6.24 

II.O 

18.2 

29.1 

45.7 

70.4 

108. 

*63. 

1.1 

^. 2 () 

6.69 

12.1 

20.6 

34.0 

54.9 

875 

138. 

216. 

1.15 


7.13 

13.2 

22 9 

38.7 

63.5 

103 

166. 

262 

1.2 

3.52 


14.5 

25‘9 

44‘9 

75.9 

127. 

212 

344. 

1.25 

3‘65 

8.II 

15.7 

28.8 

50.8 

87.5 

*5*. 

255. 

416. 

I‘3 

3.79 

8.64 

17.2 

32.3 

58.5 

104. 

184. 

322. 

555. 

I‘35 

3.92 

9.16 

18.6 

.35.8 

66.1 

119. 

216. 

384. 

666. 

1.4 

4.07 

9‘74 

20.3 

40.0 

75.9 

142. 

262. 

475‘ 

908 

I‘45 

4.20 

10.3 

21.9 

44.0 

85.2 

163. 

302. 

555. 

llio. 

1.5 

4.34 

10.9 

23.9 

49.0 

98.0 

191. 

369. 

713. 

1428. 

1.55 

4.48 

11.5 

25.7 

53‘9 

lot). 

216. 

434 

832. 

1666. 

1.6 

4.62 

12.2 

27.7 

60.0 

124. 

255. 

525. 

999. 

1999. 

1.65 

4.76 

12.8 

29.8 

*>5.7 

138. 

285. 

5«7‘ 

1110. 

2499. 

1.7 

4.91 

13.5 

32.2 

72.5 

158. 

332. 

713. 

1428. 

3332. 

I‘75 

5‘05 

14.2 

34.5 

79.0 

174. 

369. 

832. 

1666. 

3332. 

1.8 

5‘20 

14.9 

37.0 

86.7 

199- 

434‘ 

999‘ 

1999. 

4999. 

1.85 

5 34 

15.6 

39.5 

94.2 

216. 

499. 

ino. 

2499. 

4999. 

1.9 

5-49 

16.4 

42.5 

103. 

243‘ 

587. 

1249. 

3332. 

9999. 

1.95 

5.^3 

17.1 

45‘T 

ill. 

269. 

624. 

1428. 

3332. 


2.0 

5.78 

17.9 

48.3 

122. 

302. 

713. 

1666. 

4999. 


2.05 

5.92 

18.7 

51.4 

132. 

3,32. 

768. 

1999 

4999. 


2.1 

6.07 

19.6 

54.9 

144. 

3^>9. 

908. 

2499. 

4999. 


2.15 

6.21 

20.4 

58.2 

*55‘ 

399. 

999. 

2499. 

4999. 


2.2 

6.36 

21.3 

61.9 

168. 

454‘ 

1249. 

3332. 

9999. 


2.25 

6.51 

22.1 

65.2 

181. 

499. 

1249. 

3332. 



2.3 

6.66 

23.1 

69.4 

199. 

555. 

1428. 

4999. 



2.35 

6.81 

24.0 

73‘i 

212. 

587. 

1666. 

4999. 



2.4 

6.96 

25.0 

' 77.7 

232. 

666. 

1999. 

4999‘ 



2.45 

7.10 

25‘9 

81.6 

249. 

713. 

*999. 

4999‘ 



2.5 

7.26 

26.9 

86.7 

269. 

768. 

2499. 

4999‘ 



2.55 

7.40 

27.9 

91.6 

285. 

832. 

2499. 

4999‘ 



2.6 

7‘55 

29.0 

97.0 

302. 

908. 

2499. 

9999. 



2.65 

7.70 

30.1 

102. 

322. 

999 ‘ 

2499. 




2.7 

7.86 

31.2 

108. 

356. 

1110. 

3332. 




2.75 

8.00 

32.2 

113. 

369- 

mo. 

3332. 
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Table 1 { Continued ) 


2 .S 

8.16 

334 

118. 

399- 

2.85 

8.30 

34-5 

124. 

416. 

2.9 

8.46 

35-6 

13*. 

454. 

2.95 

8.61 

36-7 

136. 

475. 

3-0 

8,77 

37-9 

144. 

525. 

3-05 

8.91 

39.2 

151. 

555- 

3*1 

9.07 

40.5 

158. 

5H7. 

3‘i5 

9.21 

41 6 

163. 

587 

3-2 

9-37 

42.9 

171 

624 

3.25 

9-52 

44.0 

178. 

666. 

3-3 

9.67 

45.5 

188 

713. 

3-35 

9.82 

46.8 

*95- 

768 

34 

9.98 

48-3 

203. 

832. 

345 

10.1 

49.5 

212. 

832 

3.5 

10.3 

5UI 

221. 

908. 

4.0 

II.8 

66.1 

322. 

1666. 

4-5 

13.3 

83.0 

434- 

2499. 

5-0 

14.9 

102. 

024, 

3332. 

5-5 

16.5 

122. 

832. 

4999. 

6.0 

18.0 

146. 

999. 

9999. 

6.5 

19.6 

171. 

1249. 


7.0 

21.1 

199. 

1666. 


7.5 

22.7 

226. 

1999 


8.0 

24.3 

255- 

2499. 


«.5 

25.8 

293. 

2499. 


9.0 

274 

322. 

3332. 


9.5 

28.9 

3<’9. 

3332. 


lO.O 

30«5 

399. 

4999 


15.0 

46.2 

908. 

9999. 


20.0 

61.9 

1666. 



25.0 

77.7 

2499. 



30.0 

93-3 

3332. 



35-« 

109. 

4999. 



40.0 

124 

4999- 



45.0 

140. 

9999 



50.0 

153 




60.0 

188. 




70.0 

221. 




80.0 

249. 




90.0 

285. 




100.0 

3^- 




120.0 

369. 




140.0 

434- 




150.0 

475. 




160.0 

499. 




180.0 

555. 




200.0 

624. 




250.0 

768. 




300.0 

908. 




350.0 

mo. 




400.0 

1249. 




450.0 

1428. 




500.0 

1666. 




600.0 

1999- 




700.0 

1999. 




1000.0 

3332. 




1500.0 

4999- 




2000.0 

4999- 




3000.0 

9999. 





1249. 

4999. 

1249. 

4999- 

1428. 

4999. 

1428. 

4999. 

1666. 

4999. 

1666. 

4999. 

1999. 

9999. 

1999. 


2499. 


2499. 


2499. 


2499. 


3.332. 


3.332. 


33.32. 


4999. 


4999- 


9999. 



Z 

n«=29 

n=30 

.1 

2.33 

2.37 

15 

3.45 

3.52 

.2 

569 

590 

•25 

8.47 

8.82 

.3 

15.2 

16.1 

.35 

23.0 

24.5 

•4 

45.3 

49.3 

45 

69.9 

76.5 

.5 

151. 

171. 

..55 

237. 

269. 

.6 

555. 

666. 

•65 

908. 

IIIO. 

.7 

2499. 

3332. 

.75 

3332. 

4999- 

.8 

9999. 

9999. 
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Table I {Conitnued) 


z 

n = ii 

n = i2 

n = T3 

11 -14 

ri -15 

n “ 16 

11 = 17 

11 = 18 

11 = 19 

.1 

1.64 

iM 

1.72 

T.76 

1.80 

1.84 

1.88 

1.92 

1.96 

.15 

2.08 

2.U) 

2.24 

2.31 

2.39 

2.47 

2.54 

2.62 

2.69 

.2 

2.70 

2.84 

2.99 

3.14 

3.29 

3.44 

3.60 

3.75 

3.91 

.25 

341 

,?<>4 

3.87 

4.11 

4.36 

4.60 

4.86 

5.12 

5.39 

.3 

448 

4.86 

527 

5.69 

6.13 

6.59 

7.08 

7.59 

8.12 

•35 

5.67 

6.24 

6.84 

747 

8.15 

8.86 

9 62 

10.4 

11.3 

.4 

7 53 

845 

9.47 

10.6 

11.8 

13.1 

14.5 

16.0 

17.7 

•45 

9 54 

10 9 

12.3 

13.9 

15.7 

17.7 

19.8 

22.2 

24.8 

.5 

12.8 

14.9 

173 

20.1 

23.3 

26.8 

30.8 

35.4 

40.7 

.55 

16 2 

J9.2 

22.7 

26.7 

31.3 

36.5 

42.7 

49.5 

57.5 

.6 

22,0 

26.8 

324 

39.3 

47.3 

56.8 

68.4 

81.6 

98.0 

•65 

27.9 

34.<» 

42.5 

52.2 

63.9 

77.7 

95.2 

IT5. 

140. 

.7 

38.1 

48.5 

61.5 

77.7 

99.0 

124. 

T55. 

195. 

249. 

.75 

48.3 

62.7 

81.0 

104. 

U34. 

171. 

216. 

277. 

356. 

.8 

ol.t 

88.3 

118. 

158. 

207. 

277. 

356. 

475. 

624. 

.85 

83.7 

114. 

155- 

207. 

277. 

399. 

499. 

6 (>6. 

908. 

.9 

114. 

I Lo. 

226. 

3ii. 

434. 

5«7. 

832. 

1110. 

1666. 

.95 

144. 

207. 

293- 

416. 

5«7. 

832. 

1110. 

1666. 

2499. 

I.O 

i95. 

293. 

434. 

624 

908. 

1428. 

1999. 

3332. 

4999. 

1.05 

243. 

36<L 

555- 

832. 

1249 

1999. 

2499. 

4999. 

4999. 

1.1 

332. 

525. 

832. 

1249. 

1999. 

3332. 

.1999. 

9999. 

9999- 

1.15 

416. 

966. 

999. 

I6()6. 

2499 

3332. 

4999. 



1.2 

555. 

908. 

1428. 

2499. 

3332. 

4999- 

9999. 



1-25 

713. 

n 10. 

1666. 

3332. 

4999. 

4999. 




1-3 

999. 

166(). 

2499. 

4999. 

9999. 

9999 - 




1-35 

12J9. 

1999. 

3sL^2. 

4999. 






14 

I6L6. 

3332. 

4999. 

9999. 






1.45 

1999. 

3332. 

4999. 







1.5 

2 199 . 

4999. 

9999 







1-55 

2499. 

4999. 









1.6 3332. <W 9 - 

1.65 3332. 

1.7 4999 - 

1.75 4999. 

1.8 9999 - 


Z 

11 = 20 

11 21 

11 =22 

3 

II 

n=24 

11=25 

n = 26 

11 = 27 

n = 28 

.1 

2.00 

2.03 

2.07 

2.11 

2.15 

2.18 

2.22 

2.26 

2.29 

.15 

2.77 

2.84 

2.92 

2.99 

3.07 

3.14 

3.22 

3..30 

3-37 

.2 

4.08 

4.24 

4.41 

4.58 

4.76 

4.94 

5.12 

5.31 

5.50 

.25 

S.66 

5.94 

6.23 

6.52 

6.83 

7.14 

7.46 

7.79 

8.12 

•3 

8.68 

9.27 

9.89 

10.5 

11.2 

11.9 

12.7 

13-5 

14.3 

•35 

12.2 

13.1 

14.1 

1.5.2 

16.3 

17.5 

18.7 

20.1 

21.5 

.4 

195 

21.5 

23.7 

26.0 

28.6 

31.4 

.34.3 

37.8 

41.2 

•45 

27.7 

30.7 

34.2 

38.1 

42.1 

46.6 

51.6 

57-1 

63.1 

•5 

46.4 

53 I 

60.7 

69.4 

79.0 

89.9 

102. 

117. 

132. 

•55 

66.6 

77.1 

89.1 

103. 

118. 

136. 

1.55. 

181. 

207. 

.6 

117. 

140. 

166. 

199. 

237. 

277. 

332. 

399. 

475. 

65- 

168. 

203. 

243* 

302. 

256. 

434- 

525- 

624. 

768. 

•7 

302. 

384- 

475- 

624. 

768. 

999. 

1249. 

1666. 

1999. 

.75 

434- 

555. 

'713. 

908. 

IIIO. 

1428. 

1999. 

2499. 

3332. 

.8 

832. 

IIIO. 

1428. 

1999. 

2499. 

3332. 

4999- 

9999. 

9999- 

.85 

IIIO. 

1428. 

1999. 

2499. 

3332. 

4999- 

4999- 



•9 

1999. 

2499. 

3332. 

4999. 

9999. 

9999. 

9999. 



•95 

3332. 

33.32. 

4999- 

4999. 






.0 

9999. 

9999. 

9999. 

9999. 
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In order to save space in printing, the ratios of odds, that is 
37:1, 40 :i, and the like, have been shortened by omitting the last part 
of the expression. The values in the table should all be understood 
to be the first figures of tlie usual expression, thus for Z, .85 and n 10 
the expression is read as odds of 61 : i, against the occurrence of a 
difference as great as this between two sets of observations being due 
to chance alone. That is, if Z .85 represents the value found for the 
comparison made between two varieties, the odds are 61 : i against 
such a difference being found if both series of plats had been sown to 
the same variety 


BOOK REVIEWS 

BOTANY 

Principles and Problems. 

By Edmund W, Sinnoti, Professor of Botany, Connecticut Agri¬ 
cultural College. McGraw-Hill Agricultural and Biological Publica¬ 
tions, edited by (\ T. Piper. McGraio-Hill Bo(>k Co., Inc., New York. 
Pages figs. 240. IQ23. 

This is the most recent addition to tlio M'cGraw-IIill vSeries of 
Agricultural and Biological publications, of which Dr. C. V. Piper 
is the consulting editor. In its general mode of treatment of subject 
matter, it is somewhat more elementarv^ in charac'ter than are other 
books of the scries. In llie ofiinion of the reviewer, liowcver, the 
author has admirably acH'omplished his ymrpose to prepare a general 
text-book in elementar\ botany for college freshmen. The l)ook is 
quite a departure from the okler type of texts which over-emphasized 
taxonomic relationships, since it deals chiefly with the general 
phenomena of plant growth, and onlv in the latter chapters introduces 
the specific stud>' of the separate subdivisions of the plant kingdom. 

After introductorv clnq-iters dealing with the science of botany 
and the jdant kingdom in general, successive chapters treat of the 
soil and its importance to j)lants; the root, the stem, the leaf, and 
their functions; metabolism; growth; influence of environment; re¬ 
production; heredity and variation; and evolution. The remaining 
five chapters are devoted to the jdant kingdom in general; the 
thal]oi)h\ ta; the bryoplni^a; the j^itcridophyta; and the sperma- 
tophvta. 

Each chapter of the book concludes with nmnerous “questions for 
thought’’ and “reference ])roblems,“ which are carekilly prepared and 
well calculated to “stimulate witliin the student an attitude of interest 
of airiosity and of critical thought toward the multitude of problems 
which plants provide, and thus to provide him wdth a clearer insight 
into the ways in which i)lants are constructed and function, and a 
firmer command of botanical science in general, than can be given 
him merely through a series of lectures and recitations.” (Quotation 
from Preface.) 
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The book is uniform with others of the series in printing and 
binding and is, therefore, excellent in mechanical make-up. 

(R.W.T, and J. T. O^D.) 

THE MICRO-ORGANIC POPULATION OF THE SOIL 

By Sir E. John Russell Director Rothamsied Experiment Station, 
Harpenden, England, and members of the biological staff of the Rotham¬ 
sied Station. Rothamsied monographs on Agricultural Science, edited 
by Sir E. J. Russell. Longmans Green and Co., New York and 
Lo}tdon. 188 pp. JQ2J. 

This mc)nogra])h, besides an opening and closing chapter by the 
senior author, contains tw^o chaj)ters on bacteria by H. G. Thornton, 
two on protozoa by D W Cutler, one on algae b\' B. Muriel Briston, 
tw^o on fungi by W. B. Brierley, and one on invertebrates other than 
protozoa by A I). Inims. Altho the work is one (“jf collaboration, it 
avoids the error of lack of coordination so common in works of this 
kind, undoubtedlv due to the close association of the A^arious authors 
and to the careful planning of the whole monogra])!! by the Director 
of the Station. Thus the book has all the advantages (^f a collabo¬ 
ration, without the weaknesses sooftenassociated with such an under¬ 
taking. 

The book is a siunmary of the ])resent knowledge concerning the 
groups of microorganisms above mentioned as inhabitants of the soil, 
dealing both with the types of the different organismsandwdth their 
activities Soil bacteriology, as thesubjfict is generally understood, is 
briefly treated without any attempt to vsummarizc the entire past 
accumulation of knowdedge; but as the various biological activities 
are discussed under the diflerent grou])s of organisms, no one can 
read the book without,getting a \'er>' good idea of the whole field. 
The section written by each author contains an historical review of 
the subject, but la>s jiarticular stress on recent Rothamsted work, 
often re])orting results not ])re\'iously published. Altho dealing so 
largely with Rothamsted w^ork, the results of other workers are very 
judiciously handled The authors are especially cautious in interpret¬ 
ing laboratory findings, avoiding the error of asfiuming that they 
represent natural conditions 

The book should be of value both to the investigator and to the 
teacher. The latter (‘ould hardly [)ut it in the hands of elementary' 
students; but for advanced students specializing in the microbiology 
of soil it should jmive a very useful reference book and in some 
classes a va]ua])]e texi book. ( 11 . J Conn.) 

THE POTATO 

Its Culture, Uses, History and Classification 

By William Stuart. Philadelphia: J. B. Lippincoti Co., IX518pp.. 
Pis. 5, Figs. 267. 1923. 

This book, coming as it does from the leading authority on the 
subject in America, will at once take its place as the standard refer¬ 
ence work on the potato. Designed primarily for use as a college 
text book, the comprehensive scope and lucid treatment make the 
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volume indispensable to tliose enj^ja^ed in potato invcstij2:ations and 
of much practical value to those who ])otatoes for profit. The 
first section of the book deals with all phases of potato production in 
the United States, takinji; up se])aratelv the different sections of the 
country and discussing in detail the jiroblems ])ecnliar to each section. 
The harvesting, storing, and disposal of the crop receive detailed 
attention, while ])otato diseases and insect ])ests and their control 
are fully dealt with The second section treats of the botanv of the 
potato, the origin and early history of the plant, and potato breeding 
and vSelection An im])ortant cha])ter in this section is the one 
dealing with methods of classifAong and describing commercial 
varieties of ])otcitoes, including the well-known system devised by 
the author and jiublished first as United States Department of 
Agriculture Bulletin No 176 

College extension workers and teachers in vocational schools and 
agricultural liigh schools will be esyiecially interested in an outline 
presented in the Appendix for a student project in growing a field of 
potatoes for jirofit Itducational features to be found in carrying 
out such projects arc listed, and methods of organizing potato 
exhibits explained. Alucli statistical infiinnatioii on ]>otato \'aricties 
and on potato prodtiction in the United vStates and (kmada is also 
includ(‘d. 

Altho the literature on tlu‘ potato is alreadx’ voluminous, this 
new contribution will be a wc'k'ome addition bec'ause it assembles in 
one jilace x)ractically all that the student will need to know about 
potato growing in the United States, thus olw'iating the necessity of 
seaicli in several places Bibliogra])ln('a] citations at the end of 
each chapter will aid those who d(‘sire to go dee])er into c(‘rtain phases 
of the subiect (j D L ) 

THE STORY OF THE MAIZE PLANT 

By Paul ]\ caihenca.x Chicago' The I'niversity of Chicago Press, 
XV+247 Pp,, Pis. 2, Figs 1/4 1Q2J. $i.8j postpaid 

Based chiefl\ t>n the autlior’s studies of the botany of the maize 
j)lant, but drawing on other sources of infonnation as well, this 
volume jiresents a c'oncise and readable account of the j.irescnt 
botani('al knowkxlge of maize The economic asjiects of corn-grow¬ 
ing are dealt with only lighth', the predominant theme being the 
botanical rclationshijis and morphology of the corn plant Altho 
the author disclaims ain’ attempt at an exhaustive trc‘atment of the 
subject, the agronomist will find the chief value of the work to lie 
in the assembling in one place of a large amount of relial )le information 
about corn. The book is profusely illustrated, (‘hiefly with original 
drawings by the author in an elTort to correct errors which prevail in 
text hooks dealing with maize. An especially helpful feature is a 
bibliography of 172 titles, which the author sav s'‘are intended merely 
to direct the reader to more detailed treatments of the various topics, 
and to cite the sources of many points of unusual interest.’’ The 
volume is a valuable addition to the literature on maize. (J. D. L ) 
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THE PRINCIPLES OF INSECT CONTROL 

By Robert A. Wardle, Lecturer in Economic Zoology in the University 
of Manchester and Philip Buckle, Lecturer in Agricultural Zoology in 
the University of Durham. The University Press, Manchester, IQ2J, 
Pages ZQj). I Plate {Frontispiece) and 32 text figures. 

1'his book in an c^xcei^tionally clear and concise way the ap¬ 
proved f)ractices rclatuT to insect control and of the principles in¬ 
volved. ft is divided into the following parts: (1) Biological control, 
considering host resistanc-e, climatic restraints, disease, parasites, 
birds, etc.; (2) (dienncal control; (3) Afechanical control; (4) Legis¬ 
lative control, with an ap])cndix dealing with spraying and dusting 
machines. 

The book is a ready reference work and index to the extensive 
literature summarized in the text, covering a wide range of scientific 
and technical journals. The discussion relative to the chemical 
nature of insecticides constitutes one of its most valuable features, 
dealing as it does with a large niunber of materials and covering both 
theoretical and jiractical aspects of the subject. 

The authors have rendered a distinct service in jireparing the book. 
It jiresents a number of features of particular interest to American 
workers in this field and occu]>ies a useful place in the working library 
of economic entomologists generally. {V. j. Parrott) 


AGRONOMIC AFFAIRS 

NOTES AND NEWS 

The note in this Journal of September, 1923, which stated that 
Dr. C. B, Hutchison had been appointed Director of the California 
Experiment Station was an error. Dr. C. M. Haring, who has been 
Director of the Station for several years under Dean Hunt, upon the 
latter's resignation, asked to have his title changed to Acting Director 
until the new Dean is appointed. This has, however, in no way 
changed his duties as director. 

D. R. Hoagland, Associate Professor of Plant Nutrition at the 
University of California, has been granted a year’s sabbatical leave of 
absence for foreign travel and study. 

The Sewerage Commission of Milwaukee has placed at the disposal 
of the College of Agriculture of the University of Wisconsin the sum 
of $1,500 for the establishment of a fellowship to study the best 
methods of using activated sludge as a fertilizer. O. J. Noer has 
been appointed to the fellowship to work imder the direction of Dr. 
Emil Truog. 

Dr. Ct. F. Freeman, Chief of the Division of Plant Breeding at the 
Texas Experiment Station, has accepted an appointment as Director 
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of the newly created Techi^cal Service in the llaitien Department of 
Agriculture, and be^an his work there on September i. 

Professor Chas F Shaw, of the Department of Soil 'Pechnology 
of the University of ('alifornia has returned from an extended trip 
thru Australia, New Zealand, and Hawaii. lie brought back numer¬ 
ous soil samples for further study. 

Dan T. Gray, Dean of Agriculture and Director of the Alabama 
Agricultural Experiment Station, lias resigned to become Dean of 
Agriculture and Director of the Exx)eriment Station at the University 
of Arkansas, effective January i, ii)24 

Harry V. Harlan, Agronomist in Charge of Barley Investigations 
of the U. vS. Dejiartment of Agriculture, uUo is spending a year abroad 
in a S]>ecial search for primitive fonus of barky and other cereals, is 
now in Abyssinia where he will follow the ripening of the barley crop 
to suc(‘(\ssi\'(‘ly higlier elevations. He has already cr)vered northern 
Africa from Algeria to Fgypt and as far south as the Sahara and has 
made extensive collections in parts of India. He cxjiccts to return 
to the United Stales on or about the end of February, 1Q24. All 
his cereal collections received by the Dejiartment to November, i(;23, 
have been sown at the Sacaton Exiieriment Fann, Sacattm, Arizona, 
where winter varieties can be seiiarted from those having spring habit 
withotit danger of losing either. 

Fred Richey, Agronomist in Charge of ('orn Investigations of 
the Dffice of Cereal Investigations, U S. Department of Agriculture, 
and Dr. R A. I'unc'rson, Head of the Department of Plant Breeding 
of C'ornell Univc'rsity, will leave for South America in January, J024, 
undcT ihv auspi(‘(‘s of ihv two institutions. Their mission is to ob¬ 
tain the largest possible colk*('tion of primitive corns from the high 
j)lateaus and mountain valleys (d the south and central ])ortions of 
the Andean mountain svstem. It is hoped that from these vSources 
much mateiial can be obtained which will have value in breeding 
corn for resistance to disease and unfavorable climatic* conditions. 
Thev exjiect to return to the United States in June 

Franklin A Coflman, at present Assistant Agronomist in charge of 
Cereal Investigations at the Akron Field vStation, Akron, (^olorado, 
will be transferred to Washington, D. C., at the end of December, 
1Q23, to become assistant in oat investigations in the Office of Cereal 
Investigations. 

Gus A. Wiebe, Junior Idant Breeder in cooperative cereal investi¬ 
gations at the Aberdeen (Idaho) Substation, arrived in Washington, 
D. C., on November 27 to prepare his annual rejiort and continue 
study in the Graduate School of the Dejiartment of Agriculture. 
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Dr. E. C. Stakman, Plant Patholo^jist of the Minnesota Agricultural 
Experiment Ration, and in charge of investigations of stem rust of 
wheat and other cereals in cooperation with the Office of Cereal 
Investigations, U. S. Department of Agriculture, arrived in Wash¬ 
ington on November 2 7 on his return from attendance at the meetings 
of the Australian Association for the Advancement of Science. Dr. 
Stakman left the University of Minnesota in July and was present 
at the meetings held successively in Melbourne, Victoria, and Sydney, 
New South Wales, covering a period of nearly three weeks. While in 
Australia he made trips into the wheat-growing areas of the vStates 
named. Mc‘ returned to America via the Suez Canal, and made 
stops in Egypt, I^rance, and Imgland. 

The Department oi Agronomy and Agricultural Cfficmistry of the 
North Dakota Agricultural College displayed an educational exhibit 
at the international Grain and Ha>' Show held in Chicago, December 
ist to 8th, in connection with the International Live Stock ExpOwSition. 
The North Dakota exhibit was entitled “King Corn is Conquering 
in North Dakota.” It showed graphically' the rise in corn acreage 
from about 25,000 acres thirty years ago to eibout 750,000 acres in 
1023. The exhibit also showed entire ])lants r>f a dozen locally 
adax^ted varieties of corn suited to the northern zone of agriculture, 
together with comjiarative yields and rates of maturing the same. 

J. 1 ' Sarvis, Assistant Agronomist of the Office of Dry-Land 
Agriculture Investigations, Bureau of Plant Iiuhistry, United States 
Department of Agriculture, who is stationed t\i the Northern Great 
Plains field station at Mandan, North Dakota is the author of U S. 
D. A. Department Bulletin No 1J70 entitled “Effects of DilTercnt 
Systems and Intensities of Grazing upon the Native Vegetation of 
the Northern Great Plains Field Station.” This bulletin recites the 
results of six years of grazing exfieriments on native X)rairie pasture 
in western N orth Dakota. The experiment is conducted co-operatively 
with the Department of Animal Husbandry of the North Dakota 
Agricultural College 

Stanley W. (''osby. Research Associate in Soil Technology, Uni¬ 
versity of California, is on leave of absence until January i, 1924, in 
Baja California, Mexico, making a reconnaissance soil survey of some 
300,000 acres of land lying on the Colorado Delta and in the Laguna 
Salada Basin. The Mexican Government is planning to bring this 
region under irrigation and requested this survey. Professors C. F. 
Shaw and W. W. Weir of the Division of Soil Technology, are making 
a brief visit to Baja California for the purpose of studying the possi- 
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bility of reclaiminj^ some of the alkali land lyin^ in the Lacuna Salada 
district. 

T. E. Odland, Assistant Professor of A^Tonomy at the West 
Virginia Agricultural Experiment vStatioii is on leave of absence for 
the current year to pursue graduate studies at Cornell University. 

II. B. Sprague, of the University of Nebraska, has recently become 
associated with the Department of Agron(>my of the New Jersey 
Station. Mr. Sprague obtained his Master’s degree at Nebraska 
last June and will continue his graduate work in the New Jersey 
Station 

The Departments of Agronrmy and Agricultural Economics of the 
New Jersey Station, which were foiTnerly associated as one depart¬ 
ment, have been reorganized as separate departments beginning July, 
1923. 

At the Clemson Agricultural College, South Carolina, F. H. Robin¬ 
son, a graduate of the University of Tennessee, and D. G. Sturkie, a 
graduate of Iowa State ('ollege, have been ai)pointcd as Assistant 
Professors of Agronomy; and J I) Wanier, a graduate of Clemson 
and of the Universit)- of Kentucky as Assistant Statiem Agronomist. 
P, H. Senn, Extension S])ecialist in Plant Breeding has resigned to 
enter commercial work; Leander 1 low ell, assistant Professor of Agron¬ 
omy has resigned to enter u])on graduate work at the University of 
Wisconsin, and G H Collings, Assistant Professor of Agronomy, is 
on leave for graduate work at Rutgers (^ollege 

WANTED—AN “EASY MARK'' 

(NoTic—Thc following is a brief summary of a letter recently 
received by the Editor, as Director of a vState Agricultural Experi¬ 
ment vStation, by registered mail from abroad.) 

An “inventor” in a European country wishes to dispose of the 
right to patent in America the “Aeronautic” method of setting 
agricultural plants, shrubs, trees and the like in difficultly accessible 
places, and in such a way that they will be self-nourished until natural 
conditions for their support become favorable. The proposed 
method is to put the seed or young plant into a perforated conical 
metal bag, which is filled w^ith food for the young plant, sufficient for 
it to grow up and take root in firm ground, the bag is to be pro¬ 
vided at the top with a vane to support the plant and direct the 
course of the apparatus when it is dropped from an aeroplane and at 
the bottom with a metal point to make it penetrate the earth. 
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The author adds; “The method is new, because aeronautic was 
as yet only applied to transport or dcstniction. If one wishes to 
buy the rijjht to make application for [)atent for the same subject 
(agriculture, as manuring, sowing, planting by aeronautic), I awate 
propositions and it would be useful to state to me the character and 
magnitude of the plants that have to be sown in this way,” 

STANDING COMMITTEES FOR 1924 

President Miller has ajjpointed the following as members of the 
several standing committees of the Society for the year 1924; 

COMMITTEE ON TERMINOLOGY ' 

C. V. Piper, Chairman C. R. Ball, H. L. Shantz. 

COMMITTEE ON STANDARDIZATION OF FIELD 
EXPERIMENTS 

S. C. Salmon, Chairman, II. II. Love, C. A. Mooers. 

T. A. Kiesselbach, A. C. Arny. 

COMMITTEE ON VARIETAL .STANDARDIZATION 
H. K. Hayes, Chairman, E. F. Gaines, Geo. Stewart 

J. H. Parker, R G. Wiggans J. Allen Clark 

L. H. Smith, H. G. Hastings, A B. Conner. 

COMMITTEE ON INTERCOLLEGIATE GRAIN JUDGING 

CONTESTS 

A. C. Arny, Chairman, S. C Salmon, John Piepkr. 

COMMITTEE ON TEACHING METHODS IN SOILS AND 

CROPS 

W. C. Etheridge, Chairman, H. O. Bcckman J. O. Morgan. 
(Subcommittees to be selected) 

COMMITTEE ON HONORARY MEMBERS, FELLOWSHIPS. 
AND PUBLICATIONS 

J. G. Lipman, ('hairman, R W. Thatcher, C. A. Mooers, 

P. E. Brown 

COMMITTEE ON C'OOPERATION WITH THE NATIONAL 
RESEARCH COUNCIL 

C. V. Piper, C. F.Marrut, C. W. Warburton, A. G. McCall, 

A. C. Arny. 

(Chairman to be elected bv the Committee) 
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REPORT OF THE ADVISORY COMMITTEE OF THE 
AMERICAN SOCIETY OF AGRONOMY' 

I G Lipman“ 

The Ainericaii Society of Agronomy is re])rcsented in the National 
Research Gouncil hy an Advisory Cfimmittee Idle following 
re]jort of this cfimmittee for the year 1023, deals with three items, 
namely (i) the jiarticipation of American invCvStigators in the pro¬ 
gram of the hdmrth International ConfertTice of Soil Science; (2) 
the organization and stpiervision of sulphur research jirojccts; (3) 
the investigation of jiroblems haxdng to do with the salt require¬ 
ments of ])lants 

THE INTERNATIONAL CONPERENCE OF vSOTL SCTENCE 

The Third International Conference of Soil Science was held at 
Prague, Czechoslovakia, in April, 1922 d'he United vStatcs of 
America was rcjiresented by C F. Marbut, of the V. S. Idepartmcnt of 
Agriculture, and b}’ the Chainnan of this Committee. Before the 
adjournment of the sessions of the conference plans were made for 
the organization of a I'kiurth Conference, wdiich is to be held in 
1924. Both of the American representatives were assigned places on 
important committees. The writer was asked to organize the 
program of soil biochemistry and microbiology for North and South 
America and Asia. In accepting the responsibility, he recognized 
that representation in the Fourth International Conference should be 
from an organized group of American investigators I lence, he com- 
mtmicated with the President of the American Society of Agronomy 
and with the Chairman of the Division of Biology and Agidculture 
of the National Research Council. President Sidney B. Haskell, of 

^Prepared for but not presented at the annual meeting of the vSociety. Re¬ 
ceived for publication December 28, 1923. 

^Chairman of the committee. 
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the American Society of Agronomy, met C. F. Marbut and the writer 
in New York City on July i6, 1923. The representation of American 
soil investigators and agronomists in The Fourth International 
Conference was considered, and it was decided that the'American 
Society of Agronomy and the Association of Soil Survey Workers 
should be a^sked to name an American Organization Committee 
which would be representative of the two associations and of the 
different agricultural regions in the United States. Accordingly, a 
committee consisting of C. F. Marbut, F. J. Alway, F. E. Bear, P. E. 
Brown, A. G. McCall, M. M. McCool, C. F. Shaw, and J. G. Lip- 
man were asked to serve in this capacity. Aside from this general 
organization committee, there is a special Committee on Soil Bio¬ 
chemistry and Microbiology. At the request of the Executive Com¬ 
mittee of the Fourth International (Conference, the writer has asso¬ 
ciated with himself as members of this special committee, Doctors 
F. Lohnis, P. E. Brown, H. J. Conn, E. B. Fred, J. E. Greaves and 
S. A. Waksman. Infonnation as to the ])ersonnel of these two 
committees was sent both to the National Research Council and to 
the General Secretary of the Fourth International (Conference. 

This Fourth International Conference is to be held in Rome, 
probably during the first half of May, 1924. A list of fourteen papers 
by American investigators has been included in the program of the 
Conference. The titles of the papers to be presented and the names 
of the authors are as follows' 

1. Cellulose Decomposition Various Groups of Soil Microorganisms. 
Selman A. Waksman anrl H. Heukclekian, New Jersey Agricultural Exjieri- 
merit Stations, New' Brunswick, N. J. 

2. Influence of Partial Sterilization of Soil upon the Numbers and Activities 
of Various Groujis of Microorganisms. Selman A. Waksman and Robert L. 
Starkey, New Brunswick, N. J. 

3. Bacteria Concerned in the Oxidation of vSulfur in the Soil. Jacob G. Lipman 
and Selman A. Waksman, New Brunsw'ick, N. J. 

4. Biological Investigation of Peat. Arao Itano, Massachusetts Agricultural 
Experiment Station, Amherst, Mass. 

5. A Tentative (Jutline of Study of the Microbiology of Soils and Manures 
with Special Reference to the Methods in Soil Microbiology. Sleman A. 
Waksman, New^ Brunswick, N. J. 

6. The Influence of Plant (Growth upon the State of Aggregation of Soil Par¬ 
ticles. R. V. Allison, New^ Brunswick, N. J. 

7. The vSigniflcance o( Soil Reaction in Controlling Nitrogen Fixation (Micro¬ 
bial Activity) in Soils. P. L. Gainey, Kansas State Agricultural College, 
Manhattan, Kan. 

8. Progress of Sulfur Investigations in Northwestern United States. W. L. 
Powers, Oregon State Agrcultural College, Corvalis, Ore. 
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9. The Mineralization of Atmospheric Nitrogen in Nature by Biological Means. 

A. Bonazzi, Ohio Experiment Station, Wooster, Ohio. 

10. The Influence of Irrigation Water on the Composition of Ash of Grains and 
Its Bearing on Soil Fertility. J. E. Greaves and E. G. Carter, Department of 
Bacteriology, Utah Agricultural Experiment Station, Logan, Utah. 

Ji. The Influence of Continuous Cropping on Crop Production on the Prairie 
Soils of the Northern Great Plains of North America. H. L Walster, 
Agricultural (''ollcge, North Dakota. 

12 Magnesia as a Factor in Soil Productiveness W. W GarncT and J. E. 
McMurtrey, U. S. Department of Agriculture, Washington, D. ('. 

13 EfTect of Crop Plants on vSucceeding Crops in the Rotation with Special 
Reference to Tobacco. W. W. Garner and W. M Lunn, Washington, D. C. 

14 The Investigation of the Soil from the Point of view of the Physiology of the 
Plant. D. R Iloagland, University of California, Berkeley, Calif. 

The P'ifth International (^inference will, presumably, be held in 
the spring of i(;26 The ])lace of the meeting is to be determined 
later. It might be desirable to arrange, if possible, for holding this 
Conference in the United vStates. The Committee will appreciate 
suggestions concerning this. 

THE SULFUR FELLOWSHIPS 

In the winter of 1Q22, the Chairman of this Committee outlined to 
the Texas Gulf Sulphur ('omptiny a plan for the organization of 
vSulphur research projects At his suggestion, that Company offered 
to the National Research Council the sum of ten thousand dollars 
for the establishment of a suitable number of fellowships at a number 
of educational institutions in the United States The Division of 
Biology and Agriculture of the National Research Council recom¬ 
mended the acceptance of the offer and the organization of a Sulphur 
Fellowship Committee to deal with the matter Accordingly, 
Doctors A. G McCall, R. W. Thatcher and H. L. vShantz were 
appointed members of such a committee The writer feels that the 
Society is greatly indebted to the Sulphur Fellowships Committee, 
and particularly to its chairman, for having organized very efficiently 
the sulphur research projects. The report of the Sulphur Fellow¬ 
ships Committee of its activities for the y^ear 1923 follows' 

Report of Solfvr Fellowships Committee 

The special Sulphur Fellowships Committee, apjiointed by the Advisory Board 
of the American vSuciety of Agronomy, hris continued its general supervision over 
the Sulphur Fellowships established last year through the National Research 
Council by the Texas Gulf Sulphur Company of New York City. The fund of 
$10,000 which was placed at the disposal of the committee was expended in the 
support of eight fellowshi})s, each of which carried a stipend of $1,000 and an 
allowance of $200 for travel incurred in connection with the fellowship work. 

After a considerable amount of correspondence and some travtd by the chairman 
of the committee, the fellowships were assigned as follows: • 
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1. South Carolina Fellowship—Clemson College, under the supervision of 
Director H. W. Barre. 

The Use of Sulphur for the Control of Sweet Potato Diseases. 

Holder of the fellowship, Jesse H. HufFington, B.Sc., University of Maryland. 

2 . Ohio Fellowship—Ohio State University, under supervision of Dr. Herbert 
Osborn. 

The use of Sulphur for the Control of Soil Infesting Insects. 

Holder of the Fellowship, J. W. Bulger, B.Sc., Ohio State University. 

3. Michigan Fellowship -Michigan Agricultural College, under the supervision 
of Dr. O. H. Coons. 

The Use of Sulphur in the Control of Potato Scab. 

Holder of the Fellowship.^, H. B. Wedgeworth, B.Sc., Mississippi Agricultural 
College. 

4. Canada Fellowship- -Univensitv of Toronto, under the supervision of Dr J. H. 
Faull. 

The Use of Sulphur in the Control of Potato Scab. 

Holder of the Fellowship, Miss Catherine Graham, B.Sc*, University of 
Toronto. 

5. Kansas Fellowshij) -Kansas Agricultural Colh'ge, under the .supervision of 
Dr. M. C. Sewell. 

The Use of Suhihur as a Fertilizer for Alfalfa and other Legumes. 

Holder of the Fellowshij), O. C. Bruce, B.S.A., University of Missouri. 

6. Washington Fellowship Washington Exjieriment Station, under the direct 
supervision of Dr. J R. Ncllcr 

The Effect of Sulphur on vSoil Fertility with vSpecial Reference to the Growth 
of Legumes. 

Holder of the Fellowship, L. W. Erdman, Ph.l) , Iowa State College of Agri¬ 
culture. 

7. California Fellowship—(htrus Experiment Station at Riverside, under the 
direct supervision of Dr. W. P. Kelley 

The Effect of Sulphur on Alkali Soils. 

Holder of the Fellowship, C D. Samuels, M.Sc., University of Wisconsin. 

8. Florida Fellowshii) -Florida Experiment vStation, under the direct supervision 
of Prof. J. B. Watson. 

The Use of Subihur in the Control of Nematodes. 

Holder of the Fellowshii), R. L. Trigg, B.Sc., Mississippi Agriculliiral College. 

During the first year, work on these fellowshii)s jirogressed without any change 
in personnel or other interruptions. The close of the year, however, wasniai*kcd 
by the resignation of O. C. Bruce, the holder of the Kansas Fellowship, and of 
W. L. Erdman, holder of the Washington hVdlowship, and the decision of the 
Texas Gulf Sulphur Company to reduce their appropriation from $10,000 to $7,- 
000. In view of the resignation of Mes.srs Bruce and Erdman, and the reduction 
in the appropriation, the Kansas and Washington Fellowships were discontinued. 
The six remaining fellow.ships were a.ssigncd to the same institutions for the second 
year and the fellows re-appointed. Recently the work at the Florida Experiment 
Station has been interrupted temporarily by the resignation of Mr. Trigg, the 
holder of the fellowships. 

The committee has been gratified to note the interest shown in these fellowships, 
and the hearty co-operation of all of the institutions concerned. 

Respectfully submitted, 

A. G. McCall Chairman 
R. W. Thatcher 
H. L. Shantz 
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WORK OF THE SUB-COMMITTEE ON THE SALT REQUIREMENTS 

OF PLANTS 

It is the belief of the Sub-committee on the Salt Requirements of 
Plants that it would be well to ask the National Research Council to 
relieve the committee of further responsibility. The report of the 
committee is herewith given. 

MF.M<)R\NDrM TO THE ADVISORY HoyVKD OK THE AmKKK AN SOCIETY OF AORONOMY 

Concerning the Work of thk Suh-C'ommittee on the 
Sal'i Reoiirkmen'i of Plants 

The Committee on tlic Salt Rcqiiiicmcnt of Plants was organized in 1916, 
under the aus^nc'es of the National Research ('ouncil, with Dr. B. E. Livingston 
of Johns Ho})kjns UniviTsity as diairman In 1921 at his own request, J)r. 
Livingston was relieved of tlu- ehairrnanship and the committee WTisre-organized 
as a sub-(‘()mmittee to he soonsored hy sfime outside organization 

By the action of the iXnieruan Societv of Agronomy at the New Orleans 
meeting (November, 1921) and bv a similar action of the Physiological Section 
of the Botanical Soeu‘l\ of Amerua at the Torontf) meeting (December, 1921), 
the sub-committee was sjionsored by these societies and its activities placed under 
th(‘ g('neral control of the A(l\ isory Boards of these I wo organizations The Board 
of the Botanical So(i(‘t\ at once tlesignated Charles A Shull of the University of 
C'hieago, and B E Li\ mgston of Johns Hoj^kins University, as its representatives, 
and the Advis<)rv Board of the American Society of Agronomy selected H. L. 
Shantz of th(‘ Unihd Slati's Dejiartment of Agriculture, and A G McCallofthc 
University of Maryland, tlu* latter being <lesignatcd as Chairman of the sub- 
(’ommitU‘e 

For various reasons l he re-organi/ed sub-comnnlte(* has found il to bcnotfeasiblc 
to proceed according to tht “Plan” pioiected by the original committee and for 
this reason has c’onfined its actisities to etTorts designed to encourage various 
institutions to engage in experimental solution or sand-culture studies more or 
less along the lines projiosc'd bv the original eommittee. 

As tlie direct or indirec't result of the activities of the Committee, the following 
institutions have engaged in some ])hase of the solution and sand culture work. 

1 Johns Hopkins University 

2. University of Maryland Experiment Station. 

3 N ew Jersey Ex] leriment St at ion. 

4 Ibiiversity of Wisconsin. 

5 University of California 

6. University of Illinois. 

7. Syracuse University. 

8. University of Pennsylvania. 

9. Leland Stanford, Jr. University. 

10 Michigan Agricultural College. 

11. Cornel 1 Um versit y. 

12 Iowa State College of Agriculture. 

13 Kansas Agricultural College. 

14. University of the Philqipine Islands. 

A review of the literature shows that the results of the various workers have 
been recorded in more than fifty papers read before the various scientific societies 
and published in scientific journals and experiment station bulletins. 
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Inquiries and correspondence from other institutions, both in this country and 
abroad, indicates that workers at other institutions are interested and are making 
use of our suggestions m working on some special phases of plant nutrition work. 

Material is being prepared for publication of a paper or a monograph in the 
near future, which will give a brief resumd of the present status of the recent work 
in plant nutrition, together with a complete bibliography* 

The chairman has been hopeful that funds might be secured through the 
National Research Council, or from some other source, whereby the committee 
would be able to establish a number of fellowships, the work of which might be 
co-ordinated and directed toward the solution of some of the more fundamental 
problems connected with the nutrition of agricultural plants. In the absence of 
such a fund, the committee has been forced to limit its activities and to be content 
to serve as a clearing-house for information concerning plant nutrition work. 

We request from the Advisory Board an expression of its opinion of the ad¬ 
visability of making a final report to the National Research Council, with a 
request that the present Committee be relieved of further responsibility. In the 
absence of sufficient funds to offer substantial encouragement to institutions and 
to individuals, there is very little that can be done bv your committee except to 
continue a nominal existence and offer moral encouragement from time to time 
as occasion may anse. 

Respectfully submitted, 

A. G. McCall, Chairman. 


THE ORGANIZATION OF A GENERAL INTRODUCTORY 
COURSE IN SOILS WITH SPECIAL REFERENCE 
TO THE LABORATORY EXERCISES^ 

H..O, BUCKMAN^ P. E. KaRRAKER^ AND R. 1 . THROCKMORTON^ 

Early in 1923, a sub-committee of the American Society of Agron¬ 
omy was appointed to study the laboratory work in elementary 
soils as given at the several agricultural colleges in the United States. 
Late in the spring requests for copies of the current laboratory out¬ 
lines were sent out accompanied by a questionnaire. Most of the 
material requested was received by July i. Replies to the question¬ 
naire were received from thirty-nine institutions teaching courses in 
soils. Twenty-three sent laboratory outlines to the committee, while 
nine failed to answer letters addressed to them. Of the sixteen depart¬ 
ments answering the questionnaire, but sending no laboratory out¬ 
lines, practically all were making drastic changes in their laboratory 
procedure and felt 'that they had little of a constructive nature to 
offer, 

^Report of a sub-committee on agronomic teaching of the American Society 
of Agronomy. Received for publication January 6, 1923. 

“Professor of Soil Technology, Cornell University, Ithaca, N. Y. 

•Associate Professor of Soils, University of Kentucky, Lexington, Kentucky. 

^Professor of Soils, Kansas Agricultural College, Manhattan Kan. 
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Of the thirty-nine departments which answered the questionnaire, 
eighteen are giving a complete general course in edaphology, or, in 
other words, applied soil science, covering one term. Twenty-one 
give, as their first course, instruction consisting principally of soil 
physics. Such a course is followed in most instances by courses in 
soil fertility and sometimes by courses dealing with soil management 
or related work. 

As might be expected the hours of credit per semester for the 
elementary course are quite variable. Three percent of the colleges 
give a 6-hour course; 27 percent, a 5-hour course; 40 percent, a 
4-hour; 27 percent, 3 hours; and 3 percent, 2 hours a week. In 
most cases the two-, three-, and four-hour courses arc not general 
in their scope but are followed by additional work during the next 
term. The tendency at present seems to be towards a four-hour 
course, consisting of three lectures and one laboratory per week, or 
of two lectures, one recitation and one laboratory period. 

Of the departments reporting, nineteen give lectures distinct from 
the recitation work, sixteen combine lectures and recitations or 
laboratory and recitation; while four give no lectures at all. Three 
lectures per week seems to be the most common practice. Thirty of 
the thirty-nine colleges canvassed utilize recitations in some form, 
altho only thirteen have distinct recitation sections. With the 
recitations, two hours per week seems to be the most common plan, 
altho one hour occurs in one-third of the cases studied. In 74 per¬ 
cent of the institutions where recitations are used in some form, the 
work is conducted by men of a professorial rank, in by pro¬ 
fessors and instructors, and in 16% of the cases by instructors and 
assistants alone. 

Laboratory practice in the teaching of elementary edaphology is 
made use of by all of the thirty-nine institutions studied. The 
actual hours of work range from two to six per week altho two and 
one-half to three hours are most common. In 20 percent of the 
departments four hours are required. In two-thirds of the colleges, 
the laboratories appear to be conducted by teachers of professorial 
rank, usually without the aid of an instructor or an assistant. In 
one-third of the cases the laboratory seems to be entirely in the hands 
of an instructor or an assistant. 

The data as presented above, while they indicate a great variability 
in the organization and the handling of the elementary instruction, 
are highly encouraging. 1 here seems to be a rather marked tendency 
towards standardization; perhaps as much as could be expected, 
considering the differences in student preparation and viewpoint and 
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the variability in the agriculture of the sections of the country repre¬ 
sented. The fact that such a large proportion of the recitation and 
laboratory work is personally conducted by professors is somewhat 
surprising. This is certainly a .situation exactly opposite to that 
existing in the elementary courses offered in the older sciences. 

The analysis of the replies to the questionnaire as outlined above 
was a much easier task than was the study of the laboratory exercises 
submitted to the committee. 'WTiile the lectures and recitations as 
given in the vari<.)us colleges are no doubt somewhat similar in organ¬ 
ization and content, this cannot be considered as true of the laboratory 
imstniction The fullest opjiortunity occurs here for the widest 
imaginable variations. Agricultural conditions, number and prepara¬ 
tion of the students, size of the laboratory, amount and range of the 
apj)aratus, and the scope of the course are a few of the outstanding 
contributor}' ('auses As a consequence, the committee can do little 
but comment in a general and rather disappointing manner on the 
results of its study of this phase of the problem 

The most desirable laboratory exercises, as indicated by the out¬ 
lines submitted, and listed without regard to their possible laboratory 
sequence, are submitted as follows. It should be noted that several 
of the items inv^olve more than one laboratory period. 

Study of soil minerals (fertility viewpoint). 

Weathering and soil fonnation (directed towards soil jjrocesses). 

Qualitative study of imiiortant soil constitutents (such as K, P 
and Ca). 

Soil organic matter (nature, amount, nitrogen content, etc.) 

Volume weight determinations (with specilic gravity and pore 
space ('alculations) 

Mechanical anal}'sis (simple form) and soil particle study (with 
practice in the naming of soils in field condition). 

Tem])erature studies (wdth practical relationships, especially to 
soil moisture). 

Soil survey (study of maps and reports, and also simple field work 
when conditions justify). 

Absorption by soils (princijiles of absorjition with practical re¬ 
lations). 

Soil acidity tests (thorough practice, especially on qualitative 
methods). 

Bacterial activities (nitrification is easily handled). 

Alkali and alkali soils (for arid and semi-arid sections). 

Lime and liming (forms and characteristics of lime). 
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F'ertilizers (forms, characteristics and identification tests). 

Lime, fertilizer and general fertility problems. 

Opportune field trips to study various j)ractical phases of soil 
condition and management. 

An effective spur to tht* interest taken by students in laboratory 
exercises such as above suggested is to be found in the use of short 
written quizzes at the beginning of each laboratory period. In 
the experience of the committee, these tests on the work of the pre¬ 
ceding exercise are preferable to the rc])ort methods now followed in 
most instituti(ms. ^''uch a system of quizzes not only tends to keep 
the class thinking during the ensuing week of the principles de¬ 
veloped in the jireceding jieriod, but at the same time fixes the im- 
l)ortant ])oints of theory and practice in the student's mind rather 
than burying them in a rejiort The influence of the written quizzes 
in discouraging tardiness is by no means an unimjiortant factor 
Many st-udents even -(ircfer to come early in order to have ample 
lime to dis])ose of the quiz to their satisfaction. Moreover, such a 
I)lan aids in tlie c'orrelation of the laboratory with the lectures and 
the recitations, since important laboratory ])rineiples may be antici- 
])ated and reviewed in these branches of tlic course 

Because of the conqilexities already mentioned, the committee 
deemed it inad^'isable at the ])resent time I0 go farther* in a con¬ 
struction way. In order to be fully elTecti\'e, laboratory instruction 
must be intimately related to the lectures and recitations. vSince the 
lecture and recitation work gmen at the indiAadual colleges is by no 
means standardized the construction of even tentative laboratory 
outlines which will have more than local application seems to be 
utterly impossible The time is hardly ripe serioush^ to make such 
an attemg)t. A few years hence such a ])ublication may be ventured. 

'I'he laboratory outlines as submitted to the committee were 
probably more enlightening concerning what should not be done in a 
soil laboratory rather than what is really ad\’isable For instance, 
in some laboratories the detennination of the amounts of jihosphoric 
acid, nitrogen, and other nutrient elements is given ('onsiderable 
prominence. Fuch teaching is of doubtful value, especially from 
the practical stand])oint, since data thus obtained arc difficult to 
apply. Moreover, the students in many cases are inadequately pre¬ 
pared for such work. Again, a soil laboratory does not appear to be 
the best place to teach routine chemical methods, especially when 
there is undoubtedly plenty of material of a more valuable and 
legitimate nature available for soil teaching. The determination of 
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loss on ignition and of the specific gravity and the hygroscopic 
coefficient of soils are open to the same objections as above registered. 
The coefficient of evaporation from soils seems to be another rather 
unfruitful exercise, unless given a very practical bearing. 

The old percolation experiment, together with measurements as to 
capillary rise of water and the flow of air thru diflfercnt soils, seems 
superfluous at the present time. Unless the student has had abso¬ 
lutely no training in physics, such conceptions, together with their 
field significance, are readily grasped and really need little more than 
clear class-room consideration. As everyone knows such exercises 
fall far short of representing actual field conditions. They are so 
artificial, as well as superficial, that the principles involved can best be 
presented in other ways. 

The demonstration in the laboratory that well established mulches 
will conserve moisture belongs in the same category as those just 
discussed; as also does the determination of the conductivity of 
heat thru soils. In the case of mulches, it is the comparison of the 
sacrifice of water during formation with the probable check of later 
evaporation that needs emphasis rather than the simple fact that 
mulches when once established will conserve moisture. The latter 
phenomenon is .so simple that a class-room explanation is usually 
adequate. 

Tenacity tests of soils, especially in relation to added lime, are not 
only of little practical value but may actually become misleading if 
left in the hands of inexperienced instructors or assistants. A soil 
sample, when submitted to the tenacity test, is certainly not in a 
normal field condition. Moreover, lime, when applied in practice, 
probably has but little direct effect on the physical character of the 
soil, at least in the majority of cases. 

Many institutions are studying soil minerals as an early laboratory 
exercise. As would be expected the study in most cases is made from 
the fertility standpoint. In the opinion of the committee, a considera¬ 
tion from any other angle is entirely unwarranted. In many cases, 
this exercise is accompanied or follo'wed by a detailed study of the 
common rocks. 1 f a course in geology is a prerequisite such rock study 
is obviously a wavSte of time and may even distract the student’s 
attention to a certain degree. Under such conditions the relation of 
rocks to edaphology might well be reserved for lecture or recitation 
consideration. Even if the instruction in soils has not been pre¬ 
ceded by a course in elementary geology, an exercise on rocks is 
questionable, unless reduced to a minimiam. The inorganic frag¬ 
ments of the soil are in most cases separate minerals or weathering 
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products and not pieces of rock. Logically, the attention should be 
directed continuously towards the soil minerals rather than to the 
rocks from which they came. A study of the latter, at least in any 
detail, more properly belongs to the underlying science rather than to 
considerations of an edaphological nature. Moreover, in a study of 
rocks the fertility viewpoint is more difficult to preserve and prob¬ 
ably already has been fully and adequately emphasized in a preceding 
consideration of soil minerals. 

On the basis of the difficulties already emphasized, the committee 
feels justified in oiTering nothing more constructive than the tenta¬ 
tive list of exercises already suggested. Even the sequence of 
exercises in such a list is rather uncertain, because of the variable 
conditions which exist at the several colleges. While destructive 
criticisms are perhaps the most prominent features of this report, the 
authors hope that such deprecation will serv^e to direct the reader’s 
attention more particularly than othen\dse towards those exercises 
and procedures that deserve further study and development. 

WEED VALUE' 

E. G. Campbell’-^ 

It is not the purpose of this paper to completely exonerate weeds 
on the basis of their values, but rather to suggest a new^ attitude 
toward them. 

Every well regulated farm is operated toward two objectives; 
present crop income, and future possibilities. Wild plants of the 
open fields take an unbidden part in the determination of these two 
purposes. 

The most vital point in both present and future crop yield is soil 
productivity, and this is dependent upon physical composition and 
chemical balance. One of the limiting factors in crop production is 
nitrogen, which normally becomes available, to ordinary field plants, 
only in the form of nitrate. But nitrates, being readily soluble in 
soil water, are easily leachable, Therefore, when a given amount of 
nitrate is applied to the soil, for the purpose of increasing crop pro¬ 
duction, it is possible that some of it will have leached to a depth 
below the reach of ordinary farm crops before they absorb enough for 
maximum growth and yield. 

The work of conserving and maintaining soil nitrogen is one of the 

'Contribution from the Department of Agronomy, Purdue University, La¬ 
fayette, Indiana. Received for publication December 4, 1923. 

•Assistant Professor of Agricultural Botany. 
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most perplexing problems of modem agriculture. The Virgin soils of 
the United States, once so universally sought and so freely secured, 
are no longer easily obtainable. The old time “new grounds’" of the 
farm were made rich by the deposits of either a grass-land or a wood¬ 
land vegetation. To-day there is an open field flora whose members 
farmers choose to call weeds. Recently much has been said about 
the many million dollars lost annually through the growth of weeds, 
and many eradicative methods have been formulated, but little con¬ 
sideration has been given to the merits of this “savage flora” of the 
oj)en fields. 

The problem of weed utilkatitm on the farm involves, in addition 
to the varying abilities to absorb nitrates, two ecological factors; 
(t) the relative working root depth of cultivated plants and con¬ 
temporary weeds; and ( 2 ) seasonal and time relation of maximum 
activity of crop plants and wild species of the farm 

( 1 ) In casually observing the root systems of conternporaTy^ species 
the following conditions are noted: (a) Most perennial roots are 
deeply anchored and have a thick corklike covering, (b) The roots of 
biennials are generally deejily set, but they are less thickly coated, 
(c) Annuals and winter annuals are not deeply rooted and cutiniza- 
tion is slight. (Plate 1) 

Roots of native s[)ecies are found to extend more deeply than those 
of crop ])lants in the same locality; but in regard to nitrate absorp¬ 
tion, only feeding roots are involved and these extend much deeper 
than the ordinarily observed bulky portions. 

Root depth varies according to the natural water supydy of the 
soil and the location of nutrient salts ( 5 , 6 )'^ (Vop jilants have been 
known to absorb nitrates from a great depth: Ten Eyck ( 4 ) has 
found, in North Dakota, the roots of JrivSh potato extending three 
feet deep, corn three and one-half, sugar beet three and one-half, 
and wheat four feet. RotmCvStrov ( 3 ) has shown that in the Odessa 
field of Russia, Irish pt)tato roots extend to a depth of two feet, com 
three and three-fourths, beet three and three-fourths and wheat three 
and one-third feet. The author has found in the vicinity of Purdue 
University, that the root depth of wild winter annuals exceed that of 
cultivated plants of the same age. (See Figure i) This con¬ 
clusion, however, is only tentative and suggestive, for, while the 
supporting data involve a great nxxmber of root excavations, growing 
seasons of only two years (1922 and 1923) were covered. If, how¬ 
ever, it should prove to'be a fact that in general, wild species exceed 
cultivated plants in depth of absorbing system, it may be con- 

^Reference by number is to “Literature Cited,” p. 96. 
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eluded that deeply leeched nitrates can, in part, be returned to the 
upper surface layers of the land by the growth and decay of certain 
species of weeds. 

Biennials, after the first few weeks of their existence, feed mainly 
below the working depth of cultivated plants (Plate I). If such 
weeds are plowed under in the spring of their second year, before they 
bloom, it is natural to suppose that thereby considerable food ma¬ 
terials are retained in the surface layers of the soil, which otherwise 
would have been lost. 

Deep rooted perennials feed mainly at an extreme depth. In this 
group of weeds little or no absorption goes on in the top foot or two of 
the soil, because of the cutinized or suberized root cortex. Such 
plants do not store nitrates but are rich in total nitrogen. Deep- 
rooted perennial weeds, therefore, may be outlawed because they 
shade, crowd, hinder in harvesting, or lower the value, of the culti¬ 
vated crop. 
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( 2 ) With some weeds, absorption of nitrates begins very early in 
the spring, by the time young shoots reach the surface, and continue 
until late in the fall. Among these are curled leaved dock, burdock, 
wild carrot, etc. Such weeds are not only deeply set, but in duration 
of absorption, they both })recede and succeed the growing season of 
most crops. 

The heavy stands of pigweeds and other annuals, that cover the 
cultivated fields after each rain, serve as nitrate holders. If these 
weeds arc clipped before they crowd or shade the crops, no harm is 
done and the soil is not only benefitted physically, but some nitrate 
nitrogen and considerable nitrogen in other forms are added to the 
surface of the soil, which will become available for future crops. 
It appears that the early annuals, which cover the ground before it is 
broken in the spring, should increase the yield of the oncoming crop. 
Some late annuals, such as ragipv^eeds in the stubble field, lambs 
quarter and pigw^eed in the corn field, etc., draw food materials back 
to the surface at a time when no cultivated plants are present, and 
thus retain what otherwise would have been lost to future crops. 

Winter annuals begin their growth in early fall, cither in idle fields 
or in company with such winter annual crops as wheat and rye. 
When rye is to be used as a green manure crop, the presence of winter 
annual weeds, according to recent analyses by the author, is slightly 
beneficial if they are turned under prior to blooming. If winter 
annuals are left to grow on idle fields which are to be put into culti¬ 
vated crops in earh^ s})ring, the indications arc that a considerable 
advantage is gained. 

The spontaneous weed group, of w^aste ])laccs and road sides, in 
spite of the estimated expense of mowing (i) is of inestimable value to 
mankind. By these, a vast acreage is constantly being redeemed and 
restored to cultivation, and untold stretches of highway are held in¬ 
tact against the destructive ]jhysical forces of nature. 

In this day of mechanical efficiency and crop rotation, farmers may 
feel justified in ignoring nature’s professed aid in conserving the 
texture and nitrogen of the soil. Nevertheless, all well balanced 
systems of farm management will involve methods of weed control, 
and the expensive and almost futile efforts at weed eradication will 
be restricted to the imcontrolables, disease carriers, poison containers 
and spine producers. 

Recently, Lyon, Bizzell and Wilson have published a most il¬ 
luminating paper ( 2 ) in which they have made visible new problems 
in weed values on the farm, entirely aside from root depth and 
maturity relations. 
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AVAILABILITY OF THE PHOSPHORUS OF FLOATS AS 
INFLUENCED BY INCORPORATION OF FARM 
MANURE IN THE SOIL' 

T. L. Lyon and H. C. Buckman* 

It has frequently been stated that the decomposition of organic 
matter in contact with raw rock phosphate increases the solubility of 
this material and makes its phosphorus more readily available to 
growing plants. Experiments in which the degree of availability 
was measured by chemical means, when phosphate rock was applied to 
soil, have not usually indicated that increased solubility resulted 
from the application of,organic matter. When availability has been 
measured by crop growth, the returns have been more favorable to 
the theory that decomposing organic matter increases the availability 
floats. The literature of the subject as been so comprehensively re¬ 
viewed by Waggaman, Wagner, and Gardiner (i)® that it is un¬ 
necessary to discuss here the results of preceding investigations 

We ventured to add another experiment to the very considerable 
number dealing with this subject because more evidence appeared to 
be needed and in the hope that it might be possible to supply some 
that would be relatively low in experimental error. With the latter 
purpose in view, careful attention was given to the technique and the 
final data were all subjected to mathematical tests of their signifi¬ 
cance. 

^Contribution from the*Department of Agronomy, Cornell University, Ithaca, 
N, Y. Received for publication December 15, 1923. 

*Professor of Soil Technology. 

^Reference by number is to “Literature Cited,“ p. 103. 
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P1.AN OF EXPERIMENT 

The experiment was conducted on Caldwell Field, the soil of which 
is Dunkirk clay loam, the origin and physical structure of which has 
been described by Bonstecl, Pippin and Carter (2) and the chemical 
composition by Lyon andBizzell (3). The tests were made on field 
plats T /loo acre in size, the dimensions being 43.6 feet long and 10 
feet wide. There were two-foot sjiaces between the plats, which were 
covered with the same crops as were the ])lats, but were cleared of all 
vegetation before harvCvSt A drain tile ran the length of one side of 
each plat. F^very third plat was used as a check and received no 
fertilizer treatment of any kind. Each test treatment was applied to 
four separate plats, these replicates being distributed systematically 
over the area used for the experiment. Planted margins were main¬ 
tained on both ends of all plats and these were dealt with as were the 
spaces between the plats. 

One set of plats received fann manure as a basic treatment Of 
these, all but four were given applications of acid phosphate or 
Florida ground phos])hate rock, the quantities varying with different 
plats. Another set of plats received no farm manure, but a basic 
treatment of nitrate of soda and muriate of potash To all but four 
of the latter set of plats acid phosphate or ground Florida rock w’^as 
applied, in varying quantities 


Tvbll t. 7>.s/ Treatments in the Experiment 


Idal Numbers 

'Preatments at annual rale t)er acre 

If> 02 , 1620, I80C), 1827 

Manure alone 

1603, 1621, 1811, 1831 

Manure and 100 ll)s acad j>}ios])hate; 

1606, 1624, 1814, 1834 

ATanure and 200 lbs. acid j)hosjjhate 

U.,VS, i«J 9 * 

Manure and 400 lbs. acid phosphate 

1611, i62g, 1818, 1838 

Alanure and 200 lbs. floats 

1612, 1630, 1802, 1820 

Manure an<I 400 lbs floats 

1615, 1633, 1803, 1823 

Manure and 800 lbs. floats 

1617, 1637, 180b, 1821 

Manure and 2400 lbs, floats 

1609, 1627, 1817, 1837 

Nitrogen and iiota.ssium alone 

1605, 1623, 1812, 1832 

N, K, and too lbs acid phoj,j>hato 

1608, 1626, J815, 1835 

N, K, and 200 lbs acid phosphate 

1614, 1632, 1803, 1821 

N, K, and 400 lbs floats 

1618, 1638, ]8o8, i82() 

N, K, and 2400 lbs. floats 


*These plats were in duplicate instead of (piadruphcate. 


The applications of farm manure were made at the annual rate of 7 
tons to the acre, the cro})s actually receiving the treatments being 
com, wheat and barley. Nitrate of soda and muriate of potash were 
applied at the rate of 200 pounds of the former and 50 pounds of the 
latter to the acre annually. The only crop that did not receive nitrate 
of soda was clover. All received muriate of potash. 
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The crops grown were as follows: 


Crop 

Year 

Crop 

Year 

Crop 

Year 

Com 

1914 

Com 

1918 

Com 

1922 

Oats 

1915 

Oats 

191Q 



Wheat 

igi6 

Barle}^ 

1920 



Hay 

1917 

Hay 

1921 




The reason for introducing barley in 1920 was because the wheat 
planted in the fall of 1919 partly winter killed and the stand was in¬ 
jured. The land was replowed in the spring and barley planted. 
With the exception of the wheat that was winter killed in 1919 - 20 . 
the crops all grew normally. 

PRESENTATION OF THE RESULTS 

In preparing the data for presentation, the first step was to find the 
calculated yield for each test plat for each year. The calculated 
yield was derived from the two nearest check plats on the assumption 
that the land varied uniformly from one check plat to the other. 
Supposing that the following data were obtained, the calculations for 
increase due to fertilizer treatment wT)uld be as follows: 



Actual 

Calculated 

Increase 

Plats 

yield 

yield 


Plat 10 Check 

40 lbs. 



“ II Treated 

' 70 lbs. 

42 lbs. 

28 lbs. 

“ 12 “ 

75 lbs. 

44 lbs. 

31 lbs. 

“ 13 Check 

46 lbs. 




The average increase over the calculated yield for each set of plats 
receiving the same treatment was then found for each year, and from 
this, the average for the nine years was obtained. Tabic 2 contains a 
statement of the increased actual }neld for each set of treated plats 
over their calculated yield, expressed in pounds to the acre annually 
for an average of nine years. In computing this table the weight of 
the total crop was used; as, for instance, combined grain and straw 
of the small grains and the entire weight of ears and stover for the 
com crops. 

The extreme right hand column of Table 2 shows the odds in favor 
of the increase in yield being due to the fertilizer treatment and not to 
accidental causes. The odds have been calculated by the method 
of Student (4) in which the average yields for the four plats having 
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replicated treatments are compared with the calculated yields for the 
same plats. Odds of 30.1 are usually considered to indicate reason¬ 
able certainty, altho greater odds are desirable 

Table 2. Excess of actual yield over caUulated yield for each fertilizer treatment 
and odds tndicahng that in< reuse is due to treatment. 

(The data are cxi)resscd in average annual total yield.) 


I^hosphorus applications, in ])Ounds to the acre. 

hvxcess yield 
in pounds to 

Odds 

Manure alone 

the acre 

1910 

478:1 

Manure+ioo pounds of acid pbosj)hate 

2120 

503:1 

Manure-f 200 pounds of acid phosphate 

22^0 

763:1 

Manure4-4oo }>ounds of acid ])hosphatc 

2740 

1131:1 

Manure+200 pounds of floats 

2230 

953:1 

Manure -{“400 jiounds of floats 

2330 

826:1 

Alanurc-f 800 jiounds of floats 

2 J 2 i) 

1922:1 

Manure-f-2400 jiounds of floats 

2630 

1314:1 

Nitrogen and jiotassiuni alone 

1490 

2905:1 

N and KT 100 pounds of acad phosphate 

1710 

9999:1 

N and K-f'200 pounds of acid j)ho.sphate 

1810 

9999:1 

N and K 4-400 pounds of floats 

1870 

9999:1 

N and ^+2400 pounds of floats 

1710 

9999:1 


All plats, including checks, were limed with marl at the rate of four 
tons to the acre at the bc^ginning of the experiment and later two tons 
of ground limestone were a])])lied 0y])sum was added to all plats 
receiving floats, the quantity being equivalent to the sulfur con¬ 
tained in 200 pounds of acid phOvSphate 

Applications of acid jdiosjihate were made for each crop, in quan¬ 
tities to be stated later, Moats were applied every three years. 
In both the tables of treatments the quantities are stated at 
the rate of annual atijilications. Thus the jdats which are shown in the 
table to have received 200 jiGunds of tloats annually had 1800 pounds 
applied to them in nine years. These were actually added at three 
different times at the rate of 600 pounds to the acre each time. This 
was done in the belief that there would be an advantage in having a 
large quantity of floats in the soil to be acted upon by natural sol¬ 
vents. Jt is not certain, however, that it would not have been better 
to have applied them annually. 

Table 2 is germane to the discussion only because of the evidence 
it gives that up to the point at which the effects of the fertilizer treat¬ 
ments are compared with no fertilizer applications, there are in¬ 
creases in yields that are definite, and in the main, larger with in¬ 
creasing quantities of any one fertilizer treatment. Moreover, the 
increased yields may safely be considered to be due to the particular 
fertilizer treatments given, when the method of Student is taken as 
the criterion by which their significance is judged. 

The method proposed by Student was used for testing the signifi- 
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cance of the results because it admits of the averaging of data accu¬ 
mulated thru a series of years. This method makes it possible to 
take as the number of observations, the yields for the nine years dur¬ 
ing which the experiment was in progress, the average for the four 
replicate plats being a single observ^ation. The odds as expressed 
by Student’s fonmila, indicate the significance of the average data of 
a number of years in terms of the trealmemts ai^plied, the influence 
due to seasonal variation being minimized. While the applica¬ 
bility of existing mathematical methods for the proof or disproof 
of the reliability of field plat experiments of this kind is still a mat¬ 
ter of some uncertainty, consider it highly desirable to apply 
some one of the recognized methods to the data we have secured. 

THE EFFECTS OF THE PHOSPHORUS CARRIERS 

The next step is to com])ute the influence exerted by the various 
applications of phosphorus carriers as measured by crop yields. It 
has already been said that there w^ere two basic treatments on each 
of which graduated quantities of the phosphonis carriers V'cre super¬ 
imposed Farm manure constituted one bavSic treatment, and a 
mixture of nitrate of soda and muriate of potash the other. The 
manure furnislied nitrogen and potassium in availalile form and 
])robably some phosphorus as well as organic matter Jt is the effect 
of this organic matter on the availability of the floats that it is 
proposed to measure. The basic treatment of nitrati' of soda and 
muriate of ijotavsh was designed to offset, in jiart at least, the nitro¬ 
gen and ]x)tassium of the manure. 

Acid phosphate was a])plied in graduated quantities to test the 
need of the soil for phosphorus u]) to the ])oint rejirescnted by 400 
pounds of this carrier when used in addition to manure. The test of 
the effect of the organic matter on the availability of the phosphorus 
of the floats is based on the comparative yields obtained by the use of 
floats in addition to manure as compared with the use of floats in 
addition to nitrate of soda and muriate of potash. The figures for 
the yields of the phosphorus-treated plats over the plats receiving 
basic treatment only, are given in Table 3. 

Considering first the manure treated plats it may be seen that the 
crop yields increased with each step in the treatment with acid 
phosi)hate. With floats, the crop yields increased with the graduated 
amounts up to 800 pounds to the acre. The availability of phos¬ 
phorus in floats is in the order of the quantity applied just as it is in 
acid phosphate. A comparison of the soil response to the two 
carriers of phosphorus indicates a high degree of availability for the 
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Table 3. Crop yields on phosphorus treated plats in excess oj yields from plats 
receiving basic treatments only. 

(The data arc expressed in avera^je annual total yield ) 

Phosphorus applications in pounds to the acre 
Manure plus 

100 pounds acid phosphate 
2CK) “ “ “ 

400 

200 “ floats 

400 “ “ 

800 

2400 “ “ 

Nitrate of soda and muriate of ])otash jiliis 
100 pounds acid phns])hate 
200 “ 

^00 “ floats 

2400 


Excess yield 

in pounds to 

Odds 

the acre 

210 

179:1 

320 

4^93:1 

830 

195:1 

320 

59 tKi 

420 

364 « 1 

810 

ii2o:i 

740 

914:1 

220 

t8:i 

^20 

48:1 

380 

27:1 

220 

17.1 


floats The (question may now be asked whether the decomposition 
of the manure is a factor in brin^in^ about this availability. 

Before attem])tin^^ to answer this question let us consider the data 
from the plats that received a basic treatment of nitrate of soda and 
muriate of potash. On tliese plats acid jihospliate increased the 
yield with each progressive apjdication The availability of the 
acid phos])hate as was to be ex])ected, does not a])])car to dc])cnd on 
the ])resence of manure ()ii the other hand, floats, without manure, 
showed no effecd on yield beyond that exerted b\' the smaller ajipli- 
cation, which may be taken to indicate that its availability has not 
increased beyond that jioint Comjiann^^ the ellect of the floats on 
the manured and unmanured jilats it ma\' be s(;en that availaViility 
increases with increased aj)]>lications on the foimer while it does not 
do so on the latter. The presence of manure bein^ the deciding; 
factor, this material must ac'count for the ^nrater availability of the 
floats on the manure-treated plats 

The criticism may be made that the data do nc^t jirove that a 
)^rcater j^ain in yield could be obtained fr(Tn a])])lications of any form 
of phosphorus than was derived from the ajiplication of 400 pounds of 
floats and therefore that it is not certain that jihosphoms was the 
limiting factor beyond that ])oint on the plats not receiving manure 
and therefore it cannot be said positively that 2400 pounds as floats 
would have increased the yield if it had been more available In 
reply to this, it may be said that the plats not receiving manure as a 
basic treatment were heavily fertilized with nitrate of soda and 
muriate of potash, which, if the phosphorus were available, would, it 
would appear, permit of yields commensurate with those on the 
manure-treated plats. Instead of such yields being obtained the 
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application of 400 pounds of floats resulted in only 380 pounds of 
crop on the plats not receiving manure while the same treatment 
gave 420 pounds on the plats to which manure was applied. The 
smaller yield on the non-manured plats may be taken to mean less 
available phosphorus. 

Glancing at the table of odds, it will be noted that for the plats on 
which manure was used, the odds in favor of the increased yields 
being due to the phosphorus applied, were all in the hundreds. 
Where manure was not used, the odds were much smaller, and for the 
floats they are so small that it is not certain that any gain resulted 
from the use of that form of phosphorus. This serves to emphasize 
more strongly the lesser availability of the phosphorus of the floats 
when not incorporated with manure. 

There are one or two other features of the experiment that may be 
noted. One of these is the very satisfactory returns from the use of 
floats when used on this soil in conjunction with manure. Another is 
the failure of floats to influence crop yields when used in excess of 800 
pounds to the acre. This may have been due to the phosphorus 
ceasing to be the limiting factor when that point was reached or the 
organic matter,even on the manured soil,may not have been present 
in sufficient quantity to render more phosi)horus available. It 
seems quite likely that the quantity of organic matter present in a 
soil or added to it, may cause different soils to respond differently to 
floats and also that the normal rate of decomposition, which varies 
with different soils, may.be a controlling influence in the response of 
soils to floats. 


Tablk 4.- Yields of grain alone and of (ombined straw and stover in ex(ess of yields 
of the same portions of crops on plats receiving basic treatments only 
(The data arc expressed in average annual total yield ) 


Phosphorus treatments 
in pound.s to the* acre 

Excess yield 
of grain in 
pounds to 

Excess yield 
of straw and 
vStover in 


Alanure j)lus 

the acre 

Odds 

]X)unds to 
the acre 

Odds 

100 pounds acid j)hosphate 

200 

130 

49:1 

130 

51:1 

170 

19.1 

160 

42.1 

400 

400 

18:1 

510 

780:1 

200 “ floats 

160 

29:1 

180 

343:1 

400 “ 

210 

53.1 

230 

4999:1 

800 “ 

300 

162:1 

530 

152:1 

2400 “ “ 

NaNO^ and KCl plus 

320 

53 

480 

503:1 

100 pounds acid jihosphate 

40 

2:1 

160 

ii:i 

200 “ “ “ 

80 

4 ‘i 

210 

51:1 

400 floats 

140 

ii:i 

300 

26:1 

2400 “ “ 

50 

3:1 

120 

6:1 
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TABULATION OF DATA FROM GRAIN ALONE AND FROM COMBINED 
STRAW AND STOVER 

The yields of threshed grain on these plats have been tabulated in a 
manner similar to the data used in Table 3, as have also the com¬ 
bined yields of straw, and stover. As grain crops were on the land 
for only seven years, the data are not so abundant as those used in 
Table 3. The results of the calculations are to be found in Table 4, 
This table is susceptible to the same interpretation as is Table 3, 
altho it includes less data and is not so clearcut and definite. The 
odds, it may be observed, arc much lower than in the previous table. 
It is significant, however, that the odds are much higher for the yields 
from the plats receiving the farm manure as a basic treatment than 
from those to which the minerals were applied. 

SUMMARY 

Nine crops were grown on field plats treated with graduated quan¬ 
tities of acid phosphate and floats. Acid phosphate was used to 
make sure that the soil responded to phosphorus Certain of the 
plats were given a l^asic treatment of farm manure and others of 
nitrate of soda and muriate of potash 

The application of floats to the manure treated plats increased 
crop production with odds decidedly favorable. While increases 
were obtained from the use of floats with a basic treatment of minerals 
instead of manure, they were by no means as significant or as large. 
Moreover, the crop yields of manure treated plats increased with 
larger applications of floats. This was not true of the plats receiving 
nitrate of soda and muriate of potash as a basic treatment 1'hese re¬ 
sults may be taken to indicate that the manure contributed markedly 
to the availability of the floats under the conditions of the experiment. 
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FLUCTUATING VARIATIONS IN THE SOY BEAN* 

B. D. Leith^ 

Manufacturers of paint have been interested for several years in 
experimenting to ascertain to what extent the soy bean oil can be 
substituted for linseed oil. In igu, the writer became interested in 
the problem of oil production, which ])rescnted three outstanding 
features; namely, the percentage of oil in the beans, the drying index 
of the oil, and the productive power of the strain of beans. The 
protein content was studied incidentally, later Naturally some 
interesting other possibilities had to be dro])])ed in order to follow the 
three aspects of the problem mentioned above. As high performance 
was the basis of selection, no attempt was made to carry on inferior 
strains. 

The first five \^ear’s work was concerned quite largely vdth de¬ 
termining the varieties adapted to Wisermsin cemditions From 
these, selections were made of the strains of beans which gave the 
highest tests for oil and iodine index. Sixty-one variety tests were 
made, re})resenting 52 different stocks. 

In 1014, plant selections ivere made from two ])romising strains. 
Further selections were made the following year Later several 
reselectioris wxtc made, as srmc of the lines becaane mottled and 
showed other evidences of heterozygosity Forty-one different 
selections w'ere made in igifi and analyzed for oil and iodine number 
It was becoming evident that there w^as considerable fluctuation from 
year to year. The stocks which showed high oil content and iodine 
mimber were selected as mother plants in an attempt to stabilize the 
high testing strains 

The first two tables show^ variations in selections from Wis. 32 
(S. P. I. No. 30746). Ten selections were made in 1914 from plant 
No. 7 and were numbered 32-1 to jo inclusive Five w^ere made 
from No ij in 1914 and numbered 32 n to 15 inclusive. The 
results of the tests on these in 1914, J915 and 1916 are shown in the 
following table 

In 1914, the fifteen individual plants selected from Wis. 32 (vS. P. I. 
No. 30746) gave a range from 13.21% to 19.91% in oil content and 
from J03.7 to 135.4 in iodine number. In 1915, the ten selections 
from plant 7, gave a variation in oil from 14.84% to 19.5P//J,. The 

K^ontnbution from the Dfi)artment of A^onomy, University of Wisconsin, 
Madison, Wise. Received for publication December j8, 1923, 

^Associate Professor. 
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iodine number in this selection varies from 125.8 in 1916 to 141.5 
in 1915. 


Table No. I— A. Variation tn percentage of oil of indtvidiml plant selections 
From Wis. No 32 (S. P 1. No. 30746) 


igi2 

Chi 

Tost No. 

1914 

Oil Selection N(j 

I 9 iv 5 

Oil 

1916 

Oil 

percent 

17.28 

I 

Iicrccnl 

18 03 

[32-1 

percent 

17-35 

percent 

16.69 


2 

I7-.S2 

132-2 

17.36 

Killed 


3 

I7.3t) 

! 32-3 

16.17 

17.62 


4 

15.81 

32 4 

19.51 

18.56 


.S 

1321 No 7 

32-5 

17.70 

18.41 


6 

1777 

32-6 

17.39 

18.51 


7 

1961 

32-7 

16.37 

17.12 


8 

1^-75 ; 

32-8 

1484 

17.71 


9 

1^.34 

32-<l 

17.03 

17.88 


10 

18.25 

.32 10 

17.51 

17.52 


JI 

18 05 j 

'32-11 

17.99 

18.67 


[ 2 

19 56 1 

32-12 

17.95 

17.96 


‘3 

17.81 No. 11^ 

1 32-13 

18 72 

17.53 


U 

19.91 

!.32 14 

18.78 

17.75 



16 21 

'• 32-15 

IH 78 

18.09 

B. 

Variation 

in Iodine Xo of Individual Plant Selections 


1912 

Iodine 

From Wis No 32 (S I* I No 30746) 

1914 

Test Tfxline Selection 

1915 

Iodine 

1916 

Iodine 

No 

no. 

no 

no 

no 

no. 

P33 3 

I 

125 8 

[32- I 

138 0 

130.8 


2 

‘-’7 5 

32 2 

1.38.5 

Killed 


3 

1224 

32-3 

149 5 

132.0 


4 

103 7 

32-4 

13^> 5 

129.92 


,3 

8 X,, - 

32-5 

141 5 

127 t 


6 

122 1 ' j 

,32-6 

i.U 5 

129.7 


7 

1.344 

132 7 

131'^ 5 

129.5 


8 

139 4 

32 8 

1.38 5 

128.2 


9 

125 2 1 

32-9 

1 p).(> 

125.8 


10 

129 1 

,32-10 

134 5 

128.4 


1 I 

128.0 

32 11 

135 9 

126.0 


12 

13,54 

'^2 12 

I 3<^> 9 

131.5 


13 

1332 Xo 11 - 

.^2-13 

i!m .9 

124.91 


^4 

131 3 

32-14 

1 33 9 

129.7 


1.5 

1102 

132 15 

123 0 

129.8 

Table 

2 shows two lines from Wis. 3 

2 (S P 1 

30746), 

32 -4, and 


32- 12 with reselections carried on since 1915 

Tn 1921 and 1922, no greater ])ercenta^e of oil was found than in 
the composite sam])le in 1912 and 1914 Similar results arc shown 
in the iodine number and protein tests. 

Table 3 shows an interesting divergence between the two selec¬ 
tions from this line 32-4-T and 32-12-1. 

In four years out of the six year test, the percentage of oil is higher 
in 32-12-1, ranging from .31 % to t. 19c higher than its sister selection 
32-4-1. The year 1916 shows about the same percentage of oil 
in both selections and in 1921, 32*-12-1 showed .63% lower oil 
content. In the tests for protein content, 32-4-1 gave higher re- 
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suits each year than did 32-12-1, and in the tests for iodine number, 
32-12-1 was consistently higher. This evidence seems to show that, 
in some strains at least, a difference in chemical composition might be 
expected. 

Table 2.- -Results of analyses of soy beans selected and reselected from Wis. No. 32 

(S. P. I. 30746) 



Oil 

Protein 

Iodine No. 


percent 

percent 


1912 Wis. 32 

17.28 

— - 

133.3 

1914 Wis. 32 

19.61 

3«.5i 

134.4 

1915 Wis. 32“4 

19-51 

39.06 

136.5 

1915 Wis 32-12 

17-95 

35.25 

136.0 

1916 Wis. 32-4 

18.56 

- . - 

129.9 

1916 Wis. 32-4-1 

16.51 

- 

125.0 

1916 Wis. 32-12 

17.96 

- ' 

131.5 

1916 Wis. 32-12-1 

16.20 

- - - 

129.2 

1918 Wis. 32-4-1 

i7-«5 

3«.2 

124.1 

1918 Wis. 32-12- I 

18.14 

35 0 

129.0 

1919 Wis. 32-4-1 

17-75 

44-5 

124.5 

191Q Wis. 32-12-1 

18.50 

42.4 

127.6 

1920 Wis. 32-4-1 

16.90 

41.31 

131.0 

1920 Wis. 32 -12 I 

18.46 

39.4« 

132.3 

1921 Wis. 32-4-1 

18.42 

3H.43 

I26.r<3 

1921 Wis. 32-12-1 

17.79 

33.75 

128 q8 

1992 Wis. 32-4-1 

17.« 

40.02 

143.0 

1922 Wis. 32-12-1 

18.9 

39.25 

146 0 

Averages 

i8.<k) 

3«.«4 

131.62 


Table No. 3. —Selections from Wis. No. 32, showing dtverffcnces of two lines in oil^ 
protein and iodine number 

Variation in oil Variation in protein Variation in iodine 

Nnmlier 



32-4-1 

32-12-1 

32-4-1 

32-12 1 

32-4-1 

32-12 1 

1916 

16.51 

16.20 

_ . 

_ 

125.0 

129.2 

1918 

I 7.«3 

18.14 

3«.2 

35.0 

124.1 

129.0 

1919 

17.75 

18.50 

44.5 

42.4 

124.5 

127.6 

1920 

16.90 

18.46 

41.31 

39 - 4 ^ 

131.0 

132.3 

1921 

18.42 

17.79 

3«.43 

33-75 

126.83 

128.98 

1922 

17.8 

18.90 

40.02 

39-25 

143.0 

146.0 

Avg. 

17-54 

18.00 

40.49 

37.98 

129.07 

132.18 


Another case of selection and reselection for ten years is given in 
table 4. 

In each case a number following a dash indicates a selection. 
For example, 33 2-T-I" i means that from the first selection fnmi this 
stock 33" 2, there were three reselections made. These reselections 
were made because of evidences of hetero^'ygosity developing in the 
stock. The fluctuations in oil content the first two years, were from 
16.94% to 18.54%. After selection and reselection for high oil in 
eight subsequent years, the fluctuation from year to year is very 
similar to that of the first two years. Both selections are somewhat 
higher than the average in oil content in 1922, but this can be attrib¬ 
uted to seasonal conditions. 
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Table 4. —Showing selections and reselections jrom soy beans^ Wis. jj, Quebec No, Q2 



Oil 

Protein 

Iodine 


percent 

percent 

No. 

1913 Wis. 33 

16.94 

43-12 

130.5 

1914 Wis. 33 

18.54 

43.3* 

132.1 

1915 Wis. 33-2 

16.44 

40.06 

129.0 

1916 Wis. 33~2 

i 7 M> 

— - 

129.5 

1917 Wis. 33-2-1 

18.90 

37.6 

132.0 

1918 Wis. 33-2-1 

1805 

34-4 

124.3 

1919 Wis. 33-2-1 

17 75 

41.7 

126.0 

1919 Wis. 33-2-1-2 

18.61 

42.3 

126,5 

1920 Wis. 33~2 1-2 

17.02 

39.75 

130.3 

1920 Wis. 33 2-1-1 

1774 

3«.56 

128.9 

1921 Wis. 33-2-1-2 

170 

38. 

126.7 

1921 Wis. 33-2-1-1-1 

18.29 

36.66 

1.30.3 

1922 Wis. 33-2-1-1 "I 

21.1 

42.62 

134.0 

1922 Wis. 33-2 -1-2 

186 

42.17 

139.0 

Averages 

18.02 

39.97 

129.94 

The protein content in the tenth year 

is not quite as high as 

in the 

first two years. I'he iodine number in 

1921 is lower than in 

1914. 

In 1922, it is higher, but this again may be attributed to seasonal 

conditions, as none of the earlier figures for iodine number show gains. 

SEAvSONAL INFLUENCE AS A CAUSE OF VARIATION 


A twelve year study of a pure line of Ito San, Wis , Ped. 2 

shows 

wide fluctuations from year 

to year in oil and protein content and 

iodine number of the oil. 




T.\iile No. 5.- Analyse,s of Ped. 2, Ito 

Sat! soy beans 



Oil 

Protein 

Iodine 


percent 

percent 

No. 

1911 

I ^>35 

40.41 

-- 

1912 

17 5 « 

- 

126.88 

1913 

19.08 

‘+*•25 

124.9 

1914 

14.1 

49 94 

1 . 33.0 

1915 

17.28 

38.88 

131.0 

1916 

17 .*5 


123.3 

1917 

17.25 

41.8 

130.4 

1918 

16.67 

40.8 

1.30.4 

1919 

*5 45 

45 « 

125.3 

1920 

. 16.11 

40.81 

1.33.6 

1921 

. 16.18 

.37.21 

124.0 

1922. 

19.8 

39 5 

136.0 

Averages 

16.92 

41.64 

128.98 


Climate undoubtedly is a factor in producing these variations; 
but probably other local environmental factors such as soil, or culti¬ 
vation have a part. Then, again, the variety ma}^ be so genetically 
constituted as to react differently to the different factors. Reference 
to Tables 2 and 4 shows that in the year 1914 there was a high 
percent of oil in both Wis. 32 and 33, while it w^as very low^ in Ped. 2. 
The protein content and iodine number vere very high in Ped. 
2 in that year and average in the other two varieties. Tables 3 and 5 
make possible a comparison between Ped. 2, 32-4-1 and 32-12-1 



Io8 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

from 1916 to 1922; 1919 is evidently a year favorable for high 
protein production and 1920 and 1922 favorable for high iodine 
number. Further than this no outstanding features are presented. 

DISCUSSION 

This experiment was not planned primarily to study fluctuating 
variations in soy beans, but the chemical data w^as used in con¬ 
nection with the selection for high production and good quality. 
As a result, many individuals that would have made an interesting 
study on the subject of fluctuating variations were dropped because 
they were low^ producers. However, as the work dates back to 1911 
and many selections and reselections have been made, some of the 
data which is here submitted is continuous over several years and 
vSeems to be a worth while contribution to the somewhat meager 
data otherwise available. 

While the results of the attem])ts to change the chemical com]jo- 
sition of soy beans by selection have been nil, yet heritable differences 
are evident In Table 3 there are shown tw^o selections from the 
same vStock wdiich have showm consistent fluetuations in the same 
direction from year to year in protein content and iodine number of oil 
and also a close comparison in percentage of oil. 

The interesting fact is that in oil and protein content and in iodine 
number, the fluctuations from year to year have been large, and that 
only within rather wide limits have they been consistent in a certain 
direction between varieties in a .single year 

The data herewith presented are insufficient to jiermit the drawing 
any conclusions. However, that the year 1919 ])roduced high pro¬ 
tein beans can be seen by referring to tables 3, 4 and 5 and these 
same tables .show that in 1920 and 1922 the oil from the soy beans 
possessed a high iodine number. It is very evident that the chemical 
composition of the soy bean responds to environment, but evidently 
so many factors are concerned that controlled ex]:)eriments which 
will eliminate all but the one in question seem to offer the only 
method of solution of the problems involved. 



METHODS NOW IN USE IN CEREAL BREEDING AND 
TESTING AT THE CORNELL AGRICULTURAL 
EXPERIMENT STATION^ 

(IN COOPERATION WITH THE UNITED STATES DEPARTMENT 
OF AGRICULTURE) 

H. H. Lovk and W T. Ckaio2 

In 1918. a paper was published in this JouRNAL'Mjy the authors 
describing the metliods used in cereal breeding and testing at the 
Cornell Agricultural Exi)eriinent Station Since there are so many 
investigators conducting work along these same lines there is con¬ 
siderable interest manifested in the methods used by various stations 
Every one is looking for opj)ortunities for im])rovement and for 
methods that, will save labor and exjiense in such tixperiments. 
For this reason, this revision of our former pajier is presented at this 
time. 

At the (^ornell Station, the majority of the yield tests are con¬ 
ducted on the rod-row basis; since, with soil that is highly variable, 
it is not possible to determine yields aecurateh^ by the use of large 
plats unless the\^ are rcjilicated several times Another point is that 
if plats arc used, the number of varieties nr strains to be tested is 
necessarily limited; since with a number of replications of plats the 
area of land needed increases very ra])idly. On the other hand, those 
interested in improvement work mmst have some measure of the 
value of strains before* enough seed is available* to conduct the tests in 
plats. 

now SICI.ECTIOXS ARE MADE 

The methods to l^e outlined here are used both for the selections 
made from commercial varieties and for the selections made from 
hybrids. The methods used in making selections were outlined in the 
earlier paper; nevertheless, it wall be worth while to review briefly the 
methods used. vSelections have been made from various fields wdiich 
are found in different i)arts of the state. In all cases heads are 
selected rather than plants, since it is diflicult to separate plants as 
grovm in the field as two or more may be pulled up together. vSome- 
times, when selections are to be made from a certain variety a large 

fl^'lper No. 118, De})artment of Plant Breeding, Cornell University, Ithaca, 
New York Received for publication December 18, 1923. 

^Professor of Plant Breeding and Agent in Cereal Tnvc'stigations in coopera¬ 
tion with U. S. Department of Agriculture*, rcsjioctivc'ly. 

*H. H. Love and W. T, Craig. Methods used and results obtained in cereal 
investigations at the Cornell ^Station. In Jour. Amcr. Soc. Agron , 10: 145-157. 
1918. 
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number of individual seed of this variety are planted, giving them 
space enough in the planting so that the individual plants may be 
studied and selected. These plants or heads, regardless of the method 
used in making the selections, are kept separate for sowing. No 
elaborate data or records are kept of the individuals at first. Experi¬ 
ence has shown that, since there will be considerable elimination at 
the end of the first year, it is better not to spend too much time on 
these individuals in the beginning. Later, more detailed records of 
those that remain in the test are desirable 

The plan used in making selections from hybrids is to select 
plants usually rather than heads; that is, when certain varieties 
have been crossed for the purpose of obtaining something of com¬ 
mercial value, the plants are selected from the second generation in 
some cases and from the third generation in others. In sowing the 
seed preparatory to making such selections, the rows are a foot apart 
and the seed spaced two to three inches apart in the row. Whenever 
crosses have been made between varieties (^f which it is known 
definitely how the characters are inherited, it is possible many times 
to make selections from the second generation. It is recognized, to 
be sure, that in some instances plants will be selected which are 
heterozygous and will segregate in the succeeding generation. Even 
so, these plants arc included in the selections made. In dealing with 
such hybrid families it is planned to select large enough numbers so 
that one may obtain the type desired in the homozygous families 
without having to continue further with the heterozygous types. 
At the same time,.if certain selections which prove themselves to be 
heterozygous exhibit a number of very promising plants, such plants 
are selected from these families and continued in the test the following 
year. 

METHODvS OF TESTINCi 

Whether selections have been made from varieties or from hybrids, 
the plan for sowing these is to sow them in rows from three to five 
feet long, depending upon the amount of seed available. If heads 
have been selected, they are sown in rows aboiit three feet long and 
these rows are a foot apart, as, in fact, all of the rows in the nursery 
are. If plants have been selected, they are sown in rows usually four 
to five feet in length. The seed is not spaced but is drilled in evenly 
by hand. The check rows are sown at the same rate as the selections. 
This rate, of cojirse, varies according to the amount of seed available. 
In each case, a check row is sown every tenth row. The seed for 
these check rows is chosen from the best vStrain or variety that has 
been obtained, as determined from its behavior over a period of 



LOVE AND CRAIG: METHODS OF CEREAL INVESTIGATIONS 


III 


years. The best strain or variety is used because its yield and other 
qualities are known and comparisons may be made directly in the 
field between the new lines under test and the check variety. Selec¬ 
tion from these head—or plant—rows is based largely upon appear¬ 
ance in comparison with the check. In making these selections 
attention is given to such characters as winter hardiness in the case of 
wheat, stiff straw, type,maturity,frecdom from disease, and the like. 
Later, the grain is examined for cc^lor, quality, and other characters 
that may make a strain desirable. 1'he yield of these short rows is 
not taken, since it is obvious that the results of such a test would 
give no very definite information as to the yielding ca])acity of these 
strains. 

After the various studies have been made the selections are desig¬ 
nated for continuing tlie work another season. In all cases, it is 
planned wherever jiossible to obtain enough seed to sow at least 
two rod-rows. The two rows of each sort are not sown adjacent, but 
it is planned to sow a single row from each strain continued in the 
tCvSt and tlicn when the entire series is sown to repeat the process 
without changing tlie order of the varieties. In arranging the plan of 
planting for this second and succeeding years, the different strains 
are grouped together in accordance with their morphological charac¬ 
ters Where the time of maturity has been shown to be different the 
early,mid season, and late strains arc grouped, so that there will not 
be any comiietition effect due to early and late strains growing side 
by side (Groupings are iilso arranged in accordance with the other 
characters; for exanqile, bearded or beardless, color of chaff, and 
color of kernel in wheat, and so on, in order to make a comparison 
between the same or similar types by having them all growm close 
together. In this second >'ear test, a check is sown every fifth row\ 
During the growing season the agronomic notes which are usually 
considered necessary are taken. The kinds of notes will depend, of 
course, upon the crop and what is under obscr\^ation for the particular 
crop. 

The yields from this vSecond year’s test are determined; and, 
while it is realized that such yields are not as reliable as those made 
from a larger number of tests, selections may be made on the yield 
basis by comparing them with the check ^fields and being rather 
liberal in selecting those types that show up fairly well in comparison 
with the checks. Any strain that is considerably^ below the check 
yields is eliminated at once. Those that are superior or about equal 
to the check are continued for further testing. It is recognized that 
by this method occasionally a good sort may be discarded early in the 
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test. At the same time, it is thought that it is much better to elimi¬ 
nate in this way, making it possible to bring in new selections much 
more frequently and thereby in a few years to deal with much larger 
numbers than w'ould be possible if all the selections which have 
been made were tested a longer period of years. 

The strains that have shown promise in this second year’s test are 
continued for the third 3^ear and placed into a five rod-row test. 
These rows arc handled the same as in the vsecond year’s test; that is, 
a check row is sown every fifth row and a single row of each strain is 
sown until all of the sorts appear once, and then the entire series is 
repeated four times The field work and the technique of comi:)ari- 
sons, etc., is, of course, much the same as in the second ^x^ar’s test. 

The strains that are unusually promising from this five-row scries 
arc immediately placed in a ten-row series the following year Those 
that are of doubtful value are kept in the fivc-rov' series; while 
those that are ajiiDarenth^ of little value are discarded at once In 
the ten rod-row series, each sort occurs ten limes with a check every 
fifth row and the series arranged as described for the jirevious tests. 

After a new sek^ction has ])roved its value in the ten rod-row 
sc-iries and seems to give promise of taking its ])lace in commercial 
growing, it is placed in what is termed an “advanced te.st”. This 
advanced test is arranged in the following manner three rod rows of 
each strain arc sown in adjacent rows and each strain tested is repli¬ 
cated nine times, thus giving len blocks of three rows each In 
arranging this series, three rows of the check varict}' are first sown, 
then three rows of variety^' A, ^hree rows of variety B, and three row’s 
of the check. This plan is continued until each strain is included, 
then the series is replicated Thus, each strain under test grow'S 
next to a check. The advantage of this method is that it gives a 
somewhat better measure as to stiffness of straw’' and some general 
characters than does the series wdicre each variety occurs as a single 
row. At the same time, since eveiy^ strain is growing next to a 
check and the cheek has proved qualities, it is comparatively eas^^ to 
draw conclusions regarding the behavior of the new^ strain. The 
method of obtaining yields from this advanced test is to thresh each 
row separately and weigh the grain separately. In using this method, 
if it is felt that competition plays a part the results from the middle 
rows only may he used for this yield determination. vSince in the 
strain tests conducted by those interested in improvement, the 
strains included are apt to be very much alike so far as their general 
growth and behavior is concerned, so that there will be little effect 
from competition. Competition has not been showm to have any 
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effect in these experiments. In this advanced test, in addition to the 
new strains, the better commercial varieties or the varieties that the 
farmers are apt to be growing are included, in order to make a 
direct comparison between these and the new selections. 

Drill Plats 

From the advanced test the promising strains as well as some of the 
better commercial varieties are selected to grow in drill plats. These 
drill plats are sown by means of a drill The one that is now used is 
an eleven-hoe drill and the two outside hoes are closed so that nine 
drills are sown for each strain. These plats are joo feet long. This 
length is used because all of the land operated by the Department of 
Plant Jireeding is laid off in tiers 100 feet in width. By closing the 
outside hoe and allowing the w’^heel to follow^ the w^heel track upon 
drilling the next plat, j)lenty of space is allowed between plats to 
accommodate the binder at han^est time so that the opportunity for 
mechanical mixture is largely eliminated. These drill plats are 
alw^ays sown in du])licate, and if land is available, in triplicate. It is 
desirable to have* them replicated even more times. A check plat is 
sown as every fifth one, altho if land is available it is more desirable to 
sow it as every third oiu*. Little dependence is jilaced upon the 
yields of these ])lats, particularly if they are only sowm in duplicate, as 
accurate yields, wdth most tyi)es of soil, cannot be determined in this 
w^ay. These plats are used mainly for the multijjlication of seed and 
to permit a eomjiarison of the various sorts under field conditions. 
The new^ strains that have been proved to be of sufficient value to be 
distributed for commercial growing are multi])lied in multiplication 
jilats. These plats are carefully rogued to insure seed of a high 
degree of purity. 


Seed Rows 

In handling this kind of work, it is necessary that a large number of 
different strains be handled the same year. With the plan of growl¬ 
ing rows only a foot apart, it is possible for an occasional head from 
one row^ to get mixed in wdth another. This is particularly true 
where many thousands of rows are being handled and must of neces¬ 
sity be harvested rather rapidly. Any slight mixture that does 
occur in this way will not, of course, affect the yields the year of the 
mixing. If allowed to continue in the seed, however, such mixtures 
may multiply and eventually affect the >delds. In order to eliminate 
such possibilities, the plan of vsowdng seed rows has been adopted. 
It is not possible nor wise to have seed rows of every strain tested. 



114 JOURNAL OF THE AMEFU'AN SOCIETY OF AGRONOMY 

The plan that is followed is that when new strains are brought into 
the test no seed rows will be sown from these until after they have 
survived the elimination of the five rod-row series. In other words, 
when a sort has proved its value sufficiently to be placed in the ten- 
row series, seed rows are then sovn. To be sure, some slight mixture 
may occur in the sort so that when it reaches the ten-row series it will 
contain an occasional mixture, altho it is planned to eliminate these 
by rogueing one series in the two and five-row lots each year and 
saving seed only from these rogued rows. The plan of sowing the 
seed rows is to sow two rows of each sort in adjacent rows, leaving 
vacant a row on each side or between one strain and the ones ad¬ 
jacent. This makes it possible to get around the seed rows for 
rogueing and also greatly reduces the possibility of heads falling from 
one strain over to another. These seed rows are harvested with 
special care and the greatest of care is used in threshing and other 
operations. 

A diagram illustrating the ])lan used for the rod rows and ad¬ 
vanced test is shown in Figure i. 
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Advanced Test 

Figure 1. Scheme for sowing the rod rows and advanced test. 
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These different series of tests thru which a strain is carried may be 
summed up in the following manner: 

First year—election from variety or hybrid tested in three to 
five foot rows, check every tenth row. 

Second year- Rod rows duplicated, check ever\" fifth 

Third year—Rod rows replicated four times, check every fifth. 

Fourth and following years— Rod rows replicated nine times, 
check every fifth. Seed rows sown. 

Advanced test - Rod rows three in a block, replicated nine times, 
check every third block 

Drill plats--'Replicated as many times as land ]Dermits, check 
every fifth or oftener 

fncrease plats—For multiplication of seed. 

Sowing 

It jirobably is worth while to mention some of the details in con¬ 
nection with planting and harvesting rod nnvs on a large scale. 
The planting is done by hand and, in fact, can be done by hand 
better than by the use of any machinery now^ available Before 
planting time the seed is weighed out in separate envelopes and the 
envelo])es are given a row’ iiimiber and checked with the idan of 
planting, and then arranged in grou])S of ten The W'eight of seed is 
detennined by the rate of seeding ccmrronly in use. At Cornell, 
the rate used is two and a half bushels for oats, one and a half for 
w^heat, two for barley, and one and a half for rye 

In order to mark (3Ut the rows quickly the machine illustrated in 
figure 2 is the one wdiich is now’ in iLse. C'rdinary four-inch 
cultivator shovels are used and the machine is arranged with a 
lift for convenience in turning, etc. 1 he shovels are fastened on 
shanks wdiich are one foot a])art With this machine, it is possible 
to mark and open the rows at the same time. If the ground 
is not in the best of condition it may be necessary to go thru the 
row’s twice but w*here the .soil is w^ell prepared, once is enough, 
particularly for spring sowing. In using a machine like this, it is 
well not to mark cut too far ahead of the men w ho are doing the 
sowing since the furrow s may dry out and delay gcimination. This 
matter would depend entirely uix ii local conditions. It is possible, 
however, to open across a range. As the ranges used at the Cornell 
Station are loo feet w ide, the rows are opened across the entire range. 
It has been found by experience that this can be done with safety. 
A few hours work will mark enough rows for a day’s sowing for three 
men. A word may be said regarding the speed of seeding row's by 
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this method. After the rows are marked out, five men will sow and 
cover about 2000 rows a day. An experienced man can sow 80 to 
100 rows ari hour. This does not include covering. 



Fioukl 2 '^howing the (s}K(h 11\ tonMiiKltd lioisc (lrn\n (oinbimd tow 
marker and funow oixticr 

After the TOMS are 01 )om'(i the held is laid ofl 1)\ mians oi stakes 
and a line, giving lust the inopei length of the rows and tin holders 
or paths between the aeiies With wheat and r\ e sixteen feet nm s are 
seeded and with oats and barlc\ fifteen feet Formerh the length 
of row was modified for the different crojis in order to make the 
calculation of yield w'hich is detennined in grams into bushels per 
acre, but b\ means of propei methods for c alrulation this is not so very 
important and, as it is better to have a row of convenient length for 
handling, the lengths given above have been adopted Between 
the diffeient sections there is a two-foot boidei or path 

After the furrows are opened and the lines stretched, the envelojies 
containing the seed are laid out in order, placing a stake ev^ery tenth 
row, and the seeding and coveiing is done by hand These methods 
are illustrated by Figures 3 and 4 

Harvistinc. And Storing 

The rows are harvested separately, three men working together 
Two men do the cutting and one man looks after the binding and 
tagging Such a group can harvest from 500 to 800 rows a day 
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Fk.i kf 'i, lln op(*n^‘(l lows .md thr •‘('cd lai 1 out nvid\ for sov\in^ 



Fu.i Ri^ 4 LuMn^i out seed aud soveitig rod lows 


The entire row is harvested Formerly, lunger rows were sown and 
the ends cut oil to eliminate Ixirder eft eel, etc Careful observation 
has shown that this is not necessary and does not ])a3" for the extra 
labor, especially since the rows are replicated a larp:e nimiber of times 
With the narrow jiaths between the series the border ciTect under 
conditions at Ithaca is ver\’ slight The bundle is bound at the 
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bottcm \\ith ordinary t\\inc and arcimd the top Mith vired tags 
which have ])reviouslv been ninTbered with the n.w nun^ber corre- 
sponditiK w ith the rrnv. hose taf s have been espeeially vired with 
double twelve-ineh vvi-cs so that they aie long enough to reaeh an und 



Figure 6 —Showing the bundles of grain hanging in the threshing shed drying, 
rc^y for threshing. 
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the average bundles grovn in our nutsei’^ These bundles are 
bunched in groups of ten and aie ixi rrtdiatch taken into the storage 
shed and hung heads dcvn as induatcd in tl t acccn panMng illus¬ 
trations 



PioURi 7—A of the dning hed shovtii g giain Ii ii ging on the upper and 
lowu decks 
















120 JOl RNAL OF Till: AMERICAN SOCIETY OF AGRONOMY 

This irethcd of storin^j; the harvested ^ram has been found so 
satisfactory that a new storage, drying, and threshing house has been 
built for this purpose The building is equipped with three large 
coirpartments for artificial drying by the use of steam, one room for 
threshing and two large floors for the hanging of such material as the 
bundles of small grain and the like Figure 5 shows a part of this 
building The method of hanging is shown in Figures 6 and 7 
The fact that the grain is taken in immediately after being cut and 
hung heads down ehnnnates a great deal of mixture that might occur 
upon handling many varieties together If any kernels ate mixed in 
the difleient bundles due to hauling m from the feld, the shaking 
while hanging these on the cross])ieces will eliminate ])ractieall> all 
of them and as the gram dries any loose kernels so mixed 111 will 
rattle loose 1 he cross])ieces show n in the illustration at e so arranged 

that ten bundles will hang on each side ot the crossjnece Ihesc^ 
bundles art hung in exaeth the samxC order in the dr\ mg shed m 
which the\ occur m the field, so that at any time it is possible to find 
the bundle belonging to a certain row This is verv important at 
threshing tm t since b^ jiassing down and back m one aisle one work¬ 
man cc Heels all the bundles belonging to a variet\ 

Thri sniN(. Am) SroKiNt. Thf (jk\in 
The thieshing is done In means of a specially (onslructed machine 
which IS illustidted in I igureS When threshing, the crop fum the 
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five or ten-row lots or other groupings (all the rows of a variety) 
are collected together and the several bundles all belonging to the 
same variety are threshed one following the other. In this way it is 
not necessary to clean the machine thoroly between each bundle, as it 
is so constructed that the few kernels that remain will not affect the 
yield. After the last bundle of a variety is threshed, the machine is 
brushed out thoroly before another variety is run thru. This thresh¬ 
ing machine is so constructed that nearly all of the inside is visible; 
so that the mixing due to grain remaining in the machine is reduced to 
a minimum. Three men run the machine and can thresh on an 
average about 700 rows a day 

The grain from the rod rows is kept in twleve-i)ound paper bags and 
IS weighed in these bags. A type of bag may be obtained which runs 
quite uniform in weight The weights are all taken in grams and the 
yield per acre calculated from these weights. 

Calci nation And Intkrpretaiion Oi- Yields 

After the yields have been determined for the individual rows, the 
average yields together with their probable errors are calculated. 
There are two ways of determining whether a variety is significantly 
a good or poor yielder In both ways the comparison is made with 
the check The data shown in Table 1 ma>' he used to illustrate 
the method. 

The method for calculating the gam or loss is done in the following 
manner Thc' average yield for each strain is detennined and its 
probable error calculated by means of Bessel’s formula. The 
yield for the average of each vSet of ten check rows (five in the case of 
the five-row series) is determined and the i)robable errors for these 
averages calculated. 1'hese probable errors are then calculated as 
percentages of the mean or average The average probable error 
for all the checks is determined by averaging these percentages. 
This probable error, which is expressed as a percentage, is then ajiplicd 
to the theoretical checks. These theoretical checks are determined 
in the usual way by grading thc soil between the checks; that is, if 
the average yield of one check is 50 bushels and thc next one beyond 
is 55, the supposition is that there is a regular increase in productivity 
from the one to the other. The theoretical checks between these two 
would then be assumed to be 57, 52, 53, and 54. That is, the differ¬ 
ence between the checks which is 5 bushels in this case is divided by 5 
and the quotient (1) added to the lower check. Of course, if the 
change were in the negative direction, the quotient would be sub¬ 
tracted. 
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Applying this to the data in Table i, the check yields are 24.4 and 
21.1 bushels, and the theoretical checks are as indicated in the 
Table. The average probable error for the checks for this particular 
year is 4 7 percent. The theoretical checks are then multiplied by 
this constant and the probable errors of the theoretical checks are 
determined in bushels ])er acre. The theoretical check yields are 
then subtracted from the actual yields of the strains under test. 
This gives the n‘sults in the column headed “gain or loss “ Since 
both the actual yields and thcwetical checks are affec'led by a jprob¬ 
able error, the error for the gain or loss is olptaincd ])y the usual 
formula, 

P E Tbffercnce = v li! + E’ 

In interpreting these results, then, no gain or loss is tliouglit to be 
significant unless it is at lea.st three times its probable error In 
selecting strains to be C(pntinued in the test, ho\\(*v('r, s('me whose 
gain is not three times the ])robab1e error are continued smct‘ it is 
recognised that the results of one year an* not conc'lusive Th(<s(' 
that are inferior to the check, on the other hand, are ra])idlv elimi¬ 
nated. When a St rain has been in the tests for se\^c‘ral \'('ars. then to 
be considered significant it must, as stated aboxt*, be three times its 
]probable error. 

There may be some object ion to this method on the grounds that 
it is not correct to grade the S()il from c*heck to check and that it is not 
jproper to avenigc* the ] in >1 pal pie ern irs f(pr all the c'hc(‘ks 1 11 answ ering 
the latter objection first, it seems that this is much more aecairatc than 
not to consider the probable errors at all and that this does not s(*em 
to introduce any large ernprs 

Regarding tlu* objection that it is not conxcl to gradt* the soil from 
check t(p cheek, it may be stated that this matter has been studied 
.statistically and the ccnnplete results will ajppc'ar in another jpajper. 
It is sufficient to .state here that for three \ears tpoo hpws of the same 
variety have been ,sown and treated in th(* follo\Mng manner. liivery 
fifth row is assumed as a ('heek and the* intervening row s are compared 
with the checks in the same manner as indicated alxne, that is, by 
grading the soil fnpin check to check 'J he iindpabk* t*rrors an' cak'u- 
lated in the same manner, as is also the gain or loss over the c'heck. 
If errors w^ere intnpdiK'ed by this method of grading, it is io be ex¬ 
pected that some gains (pr losses will be fipund that wall exceed the 
probable errors considerably. F-'uch has not been found to be the 
case and it is concluded that the above mcthcHl is sufficienth- ccpircct. 

Another very useful method which may be used in determining the 



124 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


significance of a gain is that published by Student.^ Bessel's formula, 
which has been used for the above method, does not eliminate system¬ 
atic errprs due to great differences in the fertility of the soil, etc., 
while Student’s method, since it deals with paired results, tends to 
eliminate systematic errors. To apply this method to the results in 
Table i, it is necessary to determine the theoretical checks between 
the individual checks rather than the average of the ten checks. 
Then the yield of the theoretical check is subtracted from the yield of 
each row of the strain under test and the difference obtained. The 
average of these differences is then obtained, and is the gain or loss 
over the check. From this mean the standard deviation and prob¬ 
ability that the difference is not due to chance alone may be obtained, 
as given b\' Student and outlined by one of the present writers in 
volume 15, page 217-224, of this journal. It does not seem neces¬ 
sary to give the details here, but the writers have found this a very 
useful method. 

Number Of Rows Needed 

Regarding the numl)er of rows needed for tests of this sort, it may 
be said that it is believed that for conditions at Ithaca at least ten 
rows should be grown for the final eliminations and then for greater 
accuracy such a series as the advanced test should be used The 
probable error for different numbers of rows has been worked out and 
the results for three years show that the probable error for five rod 
rows is about 38 percent higher than for ten and for three rows it is 
about go percent higher. When fifteen rows are used instead of ten, 
there is a decrease of about 17 percent. Owing to these results and 
other consideratioTts, it has been decided to use ten rows as the 
regular number for final elimination. 

AtETHODS UvSED IN HYBRIDIZATION 

Experience has shown that, so far as the conditions at Ithaca are 
concerned, it is better to plan to make the crosses of the small grains in 
the greenhouse rather than in the field. One advantage of importance, 
not only for conditions at Ithaca but probably for many other places, 
is that the plants are blooming usually in April and the work may be 
done before the busier time in the summer when there are so many 
field notes and other matters which must be attended to just before 
harvest. Another important consideration is that usually in the 
greenhouse pollen may be collected for a longer period of time during 
the day than can be done in the field. A further point is that the 
flowers suffer from injury less in the greenhouse than in the field. 

^Student. The probable error of a mean. Biometrika, Vol. 6, pp. i-. 
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In the field, during a dry season, the flowers after emasculation wither 
considerably and often the tender floral parts are exposed to the heat 
of the sun so that many of them die. 

In preparation of the plants that are to be used for hybridization 
several seed are sown in five-inch pots and after coming up these are 
thinned to one or two plants. It is better to have only one plant in a 
pot if this is possible. Where seed of known germination is used, 
usually it is not necessary to plant any extra seed. It is also ad¬ 
visable to make at least two plantings in order that the different 
varieties to be crossed will bloom together. This may not be neces¬ 
sary if the maturity of each variety is known. Nevertheless, it is 
convenient in .such cases, since if one fails to obtain the desired cross 
in the first attempt, there may be plants still blooming, furnishing a 
second opportunity It may be ])ointed out that growing the plants 
in pots makes it much easier to handle the plants at the time the 
crossing is to be done, since it is ])ossible to put the pots in a con¬ 
venient place so that the worker may be comfortably situated while 
making the delicate emasculations and ])ollinations. 

The plan usually followed in making the crosses is to use only part 
of the flowers on a plant, thus in each case leaving some flowers to 
develop self-fertilized seed. These seeds may then be used for 
growing plants to represent the female parent In the case of oats, 
usually a few flowers on a spikelet are chosen for emasculation; and, 
in the case of wheat, it is better to use all the flowers on a head pro¬ 
viding there are two heads on the plant u.sed, if not, the upper 
florets should be the ones emasculated, othervdse, there is danger if the 
lower ones should be the ones emasculated of pollen escaping from 
the u])per ones and pollinating the lower emasculated florets. It 
is desirable to cover the heads with glacine bags, particularly in the 
case of wheat. In each case the ]flant from which pollen is taken is 
so labelled that some seed may be taken from it to represent the male 
parent of the cross. 

It has been found of advantage to grow the first generation plants 
in the greenhouse, since they can be more readily protected and given 
the best possible conditions. 

In all cases where genetic studies are planned, sample heads and 
grains of the parents and first generation hybrids arc saved. These 
are found very useful in making later comparisons. 

The second and succeeding generations are usually grown in the 
field, planting the seed in five-foot rows and spacing the kernels 
about two inches apart in the row. These short rows are used in 
order to be able to reach in from either side to study a plant during 
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the growing season without stepping into the bed or otherwise dis¬ 
turbing growing conditions. 

The plan for labelling, while not new, may be of interest to be¬ 
ginners. It may be said in passing that there are other systems 
which may suit the individual worker better than the one here 
described ; nevertheless, this has been found satisfactory for small 
grain work. Each hybrid is given a series number; for example, if 
Junior No. 6 wheat be crossed with Forward, this may be given 
series number i. Whenever the same two plants have been used as 
the female and male and several seed are obtained, these different 
seed and the plants developed from them are numbered as follows: 
lai, ia2, ia3, etc. If the sanievarieties but different plants have been 
used, the same series number can be kept but the seed obtained by 
using a different set of plants should be numbered ibi, ib2, ib3, andso 
on. The plants from the second generation when given a number are 
numbered as follows: lai-i, lai -2, lai 3, and so on. Plants that are 
selected from the second generation to grow a third are numbered in 
the following manner: lai i -i, and so on. l^'or convenience, the 
parent types are designated by X and Y rather than by the con¬ 
ventional signs for female and male. This is done since, with help at 
harvest time, there is less confusion occasioned by using the labels 
X and Y than with the conventional signs; this, of course, with the 
unskilled worker. In our sy.stem, then, iX and lY designates the 
female and male parent for series number i. This general scheme is 
one develo])ed by Dr. II. J. Webber, with certain modifications of our 
own. So far as the labelling of the parent types is concerned this 
may seem to be a needless change; nevertheless, it is a plan that 
works well and for that reason is outlined here. 

At the time of sowing the seed from the first generation hybrids, it 
is desirable to keep the seed from each first generation plant separate. 
No attempt is made to keep the seed from the individual heads 
separate in sowing. There are times, however, when the characters 
represented by the different parents are such that one can be sure that 
the Fi plants are hybrids and at such times it may be found con¬ 
venient to plant all the seed from the different plants together. 

In our studies it has not been found that any differences have come 
from reciprocal hybrids. While our studies have not been exhaustive, 
they have extended over several hundred hybrids of small grains and 
so far no such,differences have been found. In the case of some 
species crosses there may be some difference in the amount of sterility 
in reciprocal crosses. This remains yet to be proved. 

At the time of harvesting the second generation plants, the follow- 
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ing plan is used for taking care of the material. This plan is also 
workable for any other material of a similar nature. The plants are 
pulled and a rather large ntimber are saved for seed plants for further 
use. The heads from these plants are cut and those from each plant 
put in a separate envelope. From the remainder of the plants single 
heads are taken for the study of the various head and grain characters. 
In order to save storage space a number of these heads are put in the 
same envelope. Wherever plant characters are being observed the 
sorting is usually made in the field before the samples are taken as 
above indicated, and then each group of plants labelled according to 
the plant characters under consideration. When growing a third 
generation from seed of the F2 plants, if it is possible, a certain 
amount of seed is held in reserve for making further studies that 
may occur as a result of the third generation behavior. 


THE TEXAS STATION PLAN OF COOPERATIVE DISTRIBU¬ 
TION OF PEDIGREED COTTON SEED’ 

G. N. Stroman and D. T. KiLLOuorF 

The Texas Agricultural Experiment Station has found after repeat¬ 
ed trials that small sample distributions of crop varieties which have 
been developed by its plant breeders has not been satisfactor>^ 
This is because of the liability to lovss of the variety due to the lack 
of understanding by farmers of proper methods of keeping the variety 
pure, as well as effecth'c means of increasing and distributing the 
seed commercially. 

Accordingly, a smaller number of distributions with larger amounts 
of seed were tried, and Sudan grass, Spur feterita, and others of the 
grain sorghums have been distributed in this way with fair success. 

On the development of a variet}^ of cotton, however, it was found 
more practicable to group the distribution into centers, organizing 
each center for cooperative effort where the “one variety of cotton 
for a community” idea could be successfully carried out. 

It is dcvsired in this article to present briefly the method used by 
the Texas Station in the distribution of a strain of pedigreed seed, 
developed by the Station, through a cooperative organization of 
farmers. 

The Texas Station has thirteen substations, where plant breeding 
is carried on under the supervision of specalists of the Main Station 

^Contribution from the Division of Agronomy, Texas Apricultural Experiment 
Station, College Station Texas. Received for publication December 23, 1923. 

•Cotton Breeder and Superintendent of Main Station Farm, respectively. 
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and occasionally plant varieties are developed at each substation. 
The particular instance described in this article is the case of Belton 
cotton which- was originated and developed at the substation at 
Temple. Belton has been one of the leading varieties for the past 
several years in the black land section of Central Texas and seems to 
be growing in favor as its behavior becomes better known. 

Through the activities of the Extension Service of the A. & M. 
College of Texas and the Smith-Hughes vocational instructors at 
Granger, Williamson County, an organization of farmers had been 
perfected to foster the **one variety of cotton for a community’' idea, 
and when the association, later known as the Williamson County 
Belton Cotton-Growers Association, was ready to function, a study 
was made of the results secured from the cotton variety tests conducted 
by the Texas Station and the members decided to grow Belton cotton 
under the supervision of the Station and in accordance with the 
following contract. 

“In tins memorandum of agreement between the Texas Agricultural Experiment 
Station as party of the first jiartand Mr. Willoby Turner, Agent of the Williamson 
County Belton Cotton Seed Growers Association, as party of the second part, 
the parties undersigned do agree as follows: 

I 

“The party of the first jiart agrees to .sell to the party of the second part 
twenty-five (25) bushels of Belton cotton seed at $2 25 jier birshel for the purpose 
of growing cotton seed for sale to the members of the Williamson County Belton 
Cotton Seed Growers Asvsociation, 

II 

“The jiarty of the second part agrees to plant the aforesaid seed in the spring of 
1922 upon land which shall m>t be less than two hundred (200) yards distant from 
any othtT growing crop of cotton and to cultivate same to the best of his ability 
to produce a good and well developed crop of cotton. 

III 

“The party of the second part further agrees that he will use every possible 
precaution to prevent the conj^amination of these seed by admixture of seed of 
other varieties. 

IV 

“Realizing the necessity of constant vigilance in maintaining the imrity of a 
strain of cotton, the party of the second jiart agrees to have this cotton c^.refully 
rogued throughout the growing and harvesting season whenever any off-plants 
appeal and realizing that off-type plants are .sources of contamination by the trans¬ 
fer of their pollen to other plants, by means of insects, the party of the second 
part further agrees to use every endeavor to remove such plants before they have 
bloomed. 

V 

“The party of the second part further agrees that he will have this cotton 
ginned on a gin which has been thoroughly cleaned previous to the ginning of 
s^e. 
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VI 

“The party of the second part further agrees tosell these seed for not more than 
$2.00 per bushel, and tliat in the sale of thcvse seed, the meml)crs of the Williamson 
County Belton Cotton Seed Association shall have preference after satisfying 
the agreement set forth in article 7. 

VII 

“The iiarty of the second jiart further agrees to give the party of the first part 
an option on fifty (50) bushels of cotton seed produced by him from the seed cov¬ 
ered by this agreement at S2.00 per bushel, which option shall hold until January i, 
1923. 

VIII 

“The obligation of the party of the second part under this contriict shall 
terminate June 15, 1923. 

Signed on the -day of-- - - - - ---by 

Party of th(‘ first part -- - -— ----- -—- 

Director, Texas Agruailtiiral Exfienment Station. 

Party of the second part- - -- -- ' --— ” 

Agent, Wilhfimson C'ounty Cotton Seed Growers Association.'’ 

The original contract was for one year, but it has been renewed 
regularly. Mr. 'furner, the leader, formed this association, with his 
neighbors as fellow members who have bought his seed the next year 
at a price of $2 00 per bushel 

The success of the plan ( 1 e])cnds largely upon the individual who 
is selected by the members of the association as their agent and 
leader. His initiative, foresight, and care in maintaining the purity 
of the seed, and his ability to perfect a selling organization for the 
disposal of the seed arc essential considerations which must not be 
overlooked. 'ITie Station has no ])art whatever in the selling of the 
seed raised by the Ass(jciation 

The cotton breeders of the expenment stationhavemadeinsjiections 
of the fields of Belton cotton each year it has been grown Touring 
1923, each fanner in the organization was growing some Belton cotton 
in isolated fields This will j^rovide a source for distribution and 
sale to farmers who might be interested in growing the cotton in 1924. 
Several tours of the fields of Belton cotton were made and instructions 
were given in the method of rogueing for off-type plants that might 
appear. Two .such tours were made each year, one before blooming 
and one after the bolls had opened. 

A problem which confronted the growers of the Asvsociation was 
the ginning of the cotton in such a way as to insure the purity of 
the strain. This was simplified by the hearty cooperation of one of 
the ginners at Granger, who Vjuilt a special cotton house for the ex¬ 
clusive use of the members of the Association. In this house, each 
farmer had a cotton stall which had a capacity of ten bales each, where 
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he could store his cotton as it was picked. When the Association 
accumulated a sufficient number of bales, the gin was thoroughly 
cleaned out and all of the Belton cotton then in storage was ginned 
without danger of mixture with other varieties. 

Under field conditions the Belton cotton showed its breeding so well 
and gave such good results that all of the members of the Association 
are now well pleased and it is anticipated that in another year the 
greater portion of the entire cotton acreage adjacent to (Granger will 
be planted to this variety. 

The Association plans in another year to employ a cotton breeder 
and to work as a corporation. Accordingly, this leaves the Station 
within another year free to start a new center in another community 
at a considerable distance from Granger and adjacent to its substation 
at Temple, Bell County, and to develoj) the plan along similar lines. 
The vStation does not intend to let one association monopolize all of 
the seed from this or any other .substation where breeding work is 
conducted 

This plan has actually worked at Granger, Texas. The 25 bushels 
of seed which the Station furnished to the leader of this Association for 
his 1922 crop produced enough seed for the other members to grow 
approximately 500 acres of this cotton in 1923 C\)nsequentl\, 
from this original 25 bushels of .seed furnished by the vStation, the 
Association has 6,313 bushels of pure |)edigreed .seed for sale toother 
fanners for their 1924 crop. Thus it can. be seen that a pure seed 
center, established for Belton cotton, has been successful and in 
operation according to ^the above described cooj)erative plan of 
distribution. 

NITRIFICATION EXPERIMENTS ON SOILS OF 
THE RED PRAIRIES^ 

Henry F. Murphy^ 

INTRODUCTION 

Studies concerning nitrification are very important because they 
are concerned with an clement that is likely to be deficient in a large 
number of soils and one which has such a large influence on the 
development of plants. Nitrogen, as has been shown by many investi¬ 
gations, is taken up at least to some degree by most plants, chiefly in 
the form of nitrates and built into plant tissue. It is necessary, 

'Contribution from the Department of Agronomy, Oklahoma A^icultural 
and Mechanical College, Stillwater, Okla. Received for publication, December 

23. 1923.. 

•Associate Agronomist, Oklahoma Agricultural Experiment Station. 
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therefore, that the soil conditions be such that the proper amount of 
this important plant food may become available for crop use. 

LITERATURE REVIEWED 

vStevens and Withers (8)^ observed that the nitrifying power of 
North Carolina soils was low but could be increased by cropping to 
legumes and by using stable manure. 

Whiting and Schoonover (9) reported at the end of four years work 
that “The most important factor in increasing nitrate production is 
soil treatment, (^limatic factors control the cause of nitrate produc¬ 
tion, but the amount of production is dependent upon soil treatment. 
They found that active organic matter greatly increased the amount 
of nitrates in the soil used (brown silt loam.) A rotation including a 
legume, gri^en manure also showed a marked superiority in nitrate 
production. 

Allen and Donazzi {2) show that with continuous wheat culture 
on Wooster wSilt Loam (Ohio), in the nineteenth year nitrate pro¬ 
duction is much higher on the manured plot than on the untreated 
plot. 

Murphy (5) shows that with a continuous wheat culture on Kirk¬ 
land loam to silt loam, in the thirtieth year of the experiment nitrate 
production was much greater on the manured land. 

Neller (6) conducted srme studies on vSassafras loam soil which 
.showed that nitrate accumulations were higher on limed plots than 
those not limed. 

Albrecht (i) in studying nitrification on plots under continuous 
cropping to com and timothy with manure and without manure, 
obtained results which indicated that nitrate production in manured 
and unmanured soils is increased by the addition of limestone in both 
cases. 

Harrison (4) reports that the application of either calcic or dolo- 
mitic limestone favors nitrification and humus formation and leads 
to better yields both of green manure crops and the .subsequent crop of 
ragi. 

Noyes and Conner (7) report investigations conducted at the 
Indiana experiment station of five typical acid soils which showed 
that calcium carbonate additions markedly increased nitrification in 
all five soils. 

Greaves and Carter (3) report, as one of their conclusions of some 
experiments conducted at the Utah Station regarding the influence of 
barnyard manure, that the application of manure to a cropped soil 
greatly increases its nitrifying power. 

•Reference by number is to “Literature Cited,*' p. 136. 
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EXPERIMENTAL WORK 
Soils Studied 

The principal upland soils of the Red Prairies division of the 
Great Plains region belong to the Kirkland and Vernon soil series. 
The predominating material forming these soils is of a sandstone and 
shale nature. The Vernon soils are formed from red sandstone 
while the Kirkland soils are formed from a combination of red 
sandstone and shale. These soils are both residual, the Kirkland 
being the older soil. 

The Vernon soil is characteristically chocolate red in the surface 
and chocolate red in the subsoil, altho the upper subsoil often is of a 
brownish color. This soil has a stiff clay to sandy clay subsoil. The 
drainage is well established, as the soil occupies the rolling to steep 
lands of the division. It is commonly called the ‘‘red upland" by 
the farmers of the area. 

The Kirkland soil is chocolate browm in the surface and of a 
lighter brown color in the subsoil. Oftentimes the subsoil is more or 
less yellowish mottled. The surface drainage is fair, but the under 
drainage is relatively poor, because of the tough imi)ervious compact 
nature of the subsoil. Thcvse soils occupy the more nearly level 
sections of the area. They are commonly called the brown soils or 
the soil with a hardpan subsoil. The roots of plants are often 
restricted by the hardpan subsoil, which not only limits proper 
moisture conditions but also the feeding area of the roots of crops 
grown on the land. Crop yields are higher on the Vemon than on 
the Kirkland soils. 

ARRANGEMENT OF PLATS 

Vernon very fine sandy loam was the type used to re])resent the 
Vemon soils, while Kirkland loam was used for the Kirkland soils. 
Both soils used were typical of their respective series, the Vernon 
approaching the shallow phase and having a falling topography typic¬ 
al of the series, while the Kirkland was characteristically almost 
level and having but fair drainage. 

Table i. -Fertilizer plan for both soils 

Plot number Treatment 

1. Check 

2. 5 tons ground limestone 

3. 2.8 tons calcium oxide 

4. 5 tons ground limestone and 8 tons manure 

5. 2.8 tons calcium oxide and 8 tons manure 

6. check 

7. 3 tons ground limestone 

8. 1.68 tons calcium oxide 

9. 3 tons ground limestone and 8 tons manure 

10. 1.68 tons calcium oxide and 8 tons manure 
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Ten plots of 1/20 acre each (124.45 ft. x 17,5ft.) were used for each 
soil. The same fertilizer plan was followed. The materials as given 
in the preceding table were applied in the spring of 1917 and the 
spring of 1921. 

A border 7 feet wide separates the Kirkland soil plots from each 
other while it is 3J4 feet wide for the Vernon soil. 

Method of Procedure 

E)xcept where otherwise noted samples of soil were collected from 
all orf the plots of the two soils once during each of the three growing 
months, namely, June, July, and August, each year for the last three 
years (1921-23 inclusive.) The samples were taken from an area 
to" X 20" X 6" deep for each plot at each sampling time, but not at 
the same place any tw^o times during the season. This distributed 
the samples over each plot for each year. The soil was dug up by 
means of a sterilized spatula, w^as w^ell mixed and then a representative 
sample w^as placed in a sterilized soil can and taken to the laboratory, 
where a representative sub-sample w^as taken from each can and its 
moisture content detennined. The remaining sample of each soil 
was used in making nitrification and other tests 

For the nitrification test duplicate samples of too grams (dry basis) 
of each soil w^rc placed in sterile glass tumblers and to each, 100 mg. 
of ammonium .sulphate was added. The soil in each tumbler was 
then w^ell mixed and raised to optimum moisture content for the 
respective series. 1'hc samples w^erethen incubated for four weeks at 
room temperature. At the end of this time the nitrates present were 
leached out by adding about 2 gm of calcium oxide and 200 cc. of 
distilled w^ater, shaking for 20 minutes and filtering. Nitrates were 
determined by the phenoldisulfonic acid method. 

Resui.ts 

The following table shenvs the number of millograms of nitrate in 
100 cc. of iiercolatc' 

It is evident from the data shown in Table 2, that the various lime 

Table 3. — Showing effect of rate of applying lime on nitrification, {j year average). 

Milligrams nitrate found 

Soil and treatment June July August 

Kirkland 5 tons of limestone or its equivalent in 

calcium oxide . . . . 7.761 25.116 14.805 

Kirkland - 3 tons limestone or its equivalent in 

calcium oxide .. . 6.190 12.091 n.096 

Kirkland—check (ave. 2 plots). 2.714 7.186 6.024 

Vernon—5 tons of limCvStonc or its equivalent in 

calcium oxide . 12.456 21.550 15.531 

Vernon- -5 tons of limestone or its equivalent of 

calcium oxide. . 8.849 16.050 15.258 

Vernon—check (ave. 2 plots) . 4-^54 5408 4.771 



Table No. 2.—Showing number 0^ milligrams of nitrate per hundred cubic centimeters of filtrate from each soil. 

Kirkland loam Vernon very fine sandy loam 

Month Plot 1921 1922 1923 Average Plot 1921 1922 1923 Average 

I 1 .180 240 4.000 2.527 I 2.133 5400 3.766 
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treatments have greatly increased nitrification in both types of soil. 
As an average, the treated plots have from two to four times more 
nitrates present at the end of the incubation period It can also be 
observed that the highest nitrate production takes place during the 
month of July 

The heavier rate of application of lime gave the greatest nitrifica¬ 
tion as is shown by Table 3 

The soils treated with calcium oxide were found to increase nitrifi¬ 
cation greater than those treated with ground limestone as can be 
seen from the data in Table 4. 1 'his applies to both soil types studied- 


Tabi 4 K(je(t of different form^ of hme on nitrification (? year average) 

Milligrams Nitrate Found 


Soil 

Treat m(*nt 

June 

July 

August 

Kirkland 

Av(‘ all limestone treatmentb 

SvSho 

20 0^3 

10.563 

Kirkland 

Avi‘ all calcium oxide treatments 

H 446 

*7.174 

15.338 

Kirkland 

Ave. all check treatments 

2 714 

7.186 

6.024 

Vernon 

Ave all limestone tn'atments 

10 678 

16.950 

14.528 

Vernon 

Ave all calcium oxide treatments 

10 627 

20 650 

16 262 

\^ernon 

Ave all check treatments 

4HS4 

s 408 

4771 


The influence of manure has not been nearl> as great as that of 
lime in increasing nitrification Table s shows this very clearly. 
In most all cases w’hcrc 5 tons of ground limestone or its equivalent 
in CaCt has been used, manure, when added to the combination, 
failed to cause any further increase in nitrification With the lighter 
application of lime (three tons of ground limestone or its equivalent 
in CaO) the addition of manure in each instance for the Kirkland soil 
increased nitrification, but for the Venion soil no apjireciable diflfer- 
ence occurred. 

T\Bit 3 hffe(t Of manure in combination with lime on nitrification 
( f years average) 

Milligrams Nitrate Found 


Soil 

Treatment 

junt 

Julv 

August 

Kirkland 

5 tons giound limestone or equivalent in 
CaO 

7 761 

25 116 

14.805 


5 tons ground limestone or equiv^alent m 
CaO and 8 tons manure 

7 ^«7 

16 141 

13 873 


3 tons of ground limestone or equivalent 
in CaO 

6 Tqo 

12 091 

11.096 


3 tons ground limestone or equivalent m 
CaO and 8 tons manure 

8 073 

18432 

11 710 

“ 

C'heek 

2 714 

7 186 

6 024 

Vernon 

5 tons ground limestone 01 cquivaUnt in 
CaO 

12 456 

550 

*5 *= 5^1 

l i 

5 tons ground limestone or equivalent m 
CaO and 8 tons manure 

II 720 

24 866 

I 5 . 2 tr 

a 

3 tons ground limestone or equivalent in 
CaO 

8 849 

16 050 

15-258 

44 

II 

3 tons ground limestone or equivalent 
and 8 t ons manure 

8 434 

16 116 

14-389 


Check 

4854 

5.408 

4-771 
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SUMMARY 

Lime either in the form of ^ound limestone or calcium oxide 
increased nitrification in both of the soils studied. 

For the three months studied namely, June, July, and August, 
nitrification was highest during July, for both types of soil. 

Of the two rates of application, the heavier rates gave the greatest 
nitrification for both soils. 

The calcium oxide was somewhat more effective in increasing nitri¬ 
fication than was the ground limestone. 

Manure did not further increasenitrification, when applied with the 
heavier api)licatioiis of lime. 

Manure did increase nitrification, when applied with the lighter 
rate of lime on the Kirkland soil, but not on the more open Venion 
soil. 
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THE EFFECT OF CERTAIN FERTILIZERS ON 
NITRIFICATION' 

P. E. Brown and R. N. Gowda^ 

It is quite generally accepted now that the increases brought 
about by the application of fertilizers to soils may not be due entirely 
to the addition of plant food constituents, but may be in part at least, 
the result of more intense bacterial action and a consequently greater 
production of available plant food from the supply already present 
in the soil. It is even conceivable that in some cases the bacterial 
effects of fertilizers may be more significant than the chemical. In 
general, however, fertilizers undoubtedly act mainly in supplying 
available plant food, while the bacterial changes brought about in 
the soil are a secondary benefit. The physical conditions in the soil 
are also often profoundly affected by certain fertilizers and as a result 
bacterial action in the soil may be much modified. 

Evidently a thoro knowledge of the effect of fertilizers on bacteria 
in the soil is essential to a full understanding of the theory of fertili¬ 
zation and may be of large significance in the final solution of the many 
problems involved in the practical use of various natural and com¬ 
mercial fertilizing materials. 

Among the many bacterial processes occurring in soils, nitrification 
is of jiarticular interest and importance, inasmuch as this process 
controls the supply of nitrogen available to plants. While other 
elements may often be controlling factors in crop production, vigorous 
nitrification must always occur in soils if yields are to be satisfactory. 
Furthermore there are indications from some experiments which 
have been conducted recently that the nitrification occumng in soil, 
or its nitrifying power, may bear a close relation to its crop-producing 
power. A study of the effects of certain fertilizers on nitrification may 
therefore yield results of special value from the practical standpoint. 

The influence of applications of farm manure on nitrification has 
been vStudied by various investigators. Velbel (21)® found large 
nitrate formation in soils receiving manure. P'rankfurt and Duschech- 
kin (5) observed increased nitrification only in the fields on which 
the manure increased the yield. Heinze (9), Temple (20), Steven 
(19), Greaves and Carter (8), and White (22) noted nitrification in 

^Contribution from the Department of Soil Chemistry and Bacterioloj:^y, Iowa 
Afiricultural Experiment Station, Ames, Iowa. Received for publication Janu¬ 
ary 12, 1924. 

’Professor and Assistant in Soils, respectively. 

’Reference by number is to “Literature Cited,” p. 145. 
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manured soils. Brown (2) found increases in nitrification with 
applications of manure up to 16 tons per acre, but larger amounts 
depressed the process. Decreases in the amount of nitrates present 
in soil brought about by large additions of manure, as noted by some 
investigators, are believed by Greaves and Carter (8) to be due to the 
synthesis of the nitrates to proteins, and not necessarily to a depression 
in nitrification. 

The effects of various green manure crops on nitrification have 
been investigated, with widely varying results. Hill (10) foimd 
that the rate of nitrate formation was greatly improved by the 
presence of green manures, the legumes having the largest effect. 
Von May (15) noted a depression in nitrification when rye straw, 
clover hay and cottonseed meal were plowed under singly or in 
combination. Brown and Allison (3) found a greater effect of cowpea 
hay and clover hay than of manures on nitrification. White (22) 
secured strong nitrification in the presence of green manures, but 
the process was slower with air-dry materials. Several investigators 
have shovm depressions in nitrification from the application of straw, 
but these experiments need not be mentioned here as straw was not 
used in the work reported in this paper. 

A few experiments have included studies of the effect of fertilizers 
on nitrification and the results are variable. Hutchinson and 
Milligan (ii) and Jensen (12) found a decrease in nitrification in soils 
receiving phosphates. Other investigators (24, 17, 14, i, 6, 23, 16), 
however, have secured increases in nitrification when phosphates 
were applied to the soil. , vSodium nitrate has been found in some 
tests to stimulate nitrification (13, 4, 18, 7), but large amounts may 
have little or no effect, and may even bring about a depression in the 
process. 

The purpose of the work reported in the following pages was to 
determine the effects of various fertilizing materials such as farm 
manure, rock phosphate, acid phosphate, sodium nitrate, and certain 
complete fertilizers on the nitrate content and the nitrifying power 
of an important Iowa soil type, 

EXPERIMENTAL WORK 

The soil used in this work was a typical Carrington loam, an 
extensive drift soil type in Iowa. It had a total nitrogen content of 
4900 pounds and a lime requirement (Truog method) of 2 tons per 
acre of two million pounds. A sufficient amoimt of CaCOs to neu¬ 
tralize the acidity and supply two tons additional was added to the 
soil before any of the treatments were made. Twenty pounds of 
soil^were then placed in glazed earthenware pots in the greenhouse 
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and the special treatments shown below were made to duplicate pots, 
being thoroly mixed with the entire amount of soil. The moisture 
content was then adjusted to the optimum and kept at that point 
thruout the experiment. 

Pots Treatment 


i~2 Check 

3-4 8 tons manure per acre 

5-6 16 tons manure i)er acre 

7 -8 24 tons manure per acre 

9-10 36 tons manure per acre 

ii~i2 T ton rock i)hosphate per acre 

13-14 2 tons rock phosjjhatc per acre 

15-16 200 lbs. acid phosphate per acre 

17-18 400 lbs. acid jihosphate jier acre 

19-20 100 lbs. sodium nitrate per acre 

21-22 40f) lbs. sodium nitrate per acre 

23-24 2 tons clover hay per acre 

25-26 4 tons clover hay per acre 

27-28 300 lbs. complete commercial fertilizeT per acre 

29-30 600 lbs. c'oniplcte commercial fertilizer per acre 

The manure was well rotted, air dried, ground and thoroly mixed. 
It was analyzed and found to contain 0.421 percent nitrogen in the 
form of nitrates. The clover hay was dried, ground, and well mixed 
before being used. The sodium nitrate had a content of 15.87 percent 
nitrate nitrogen. The 2-8-2 complete commercial fertilizer con¬ 
tained practically no nitrate nitrogen. The amount of nitrate 
nitrogen added to the soil, per too grams, was 0.3886 mgm. for the 
8 tons of manure and 0.788 mgm. for the 100 pounds of sodium nitrate. 
All the applications were made on the basis of pounds or tons per 
acre of two million pounds of surface soil. 

Samples were drawn every two weeks for the determinations of 
nitrates and the nitrifying power of the soils. In all, five samplings 
were made. In sampling, the surface soil was removed with a sterile 
spatula and the sample drawn from the well mixed soil below. 
The nitrate determinations were made by the phenoldisulfonic acid 
method. The nitrifying powder of the soils was determined by the 
beaker method, using 100 mg. of ammonium sulfate per 100 gm. of 
soil in duplicate, adjusting the water content to the optimum and 
incubating at room temperature for four weeks. 


Table i, —Nitrates in manured soils—at the various samplings 
Expressed in mg. of nitrate nitrogen per 100 gm. of soil. 
(Average of duplicate tests on samples from tluplicate pots) 


Treatment 

1 

n 

III 

IV 

V 

General 


2 wks. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

Check 

4.149 

1.8648 

2.5047 

3519 

3.94b 

3.1967 

8 tons manure 

4.246 

2.664 

54072 

6.213 

7.667 

5.0394 

16 tons manure . 


3.110 

6.6027 

7.166 

7-273 

6.0109 

24 tons manure . . 

6.329 

4250 

6.4404 

8.884 

10.273 

7.2353 

36 tons manure 

12.462 

5.171 

8.6472 

10.511 

11 683 

9.6948 
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The nitrate content of the manured soils at the different samplings 
is shown in Table i. From this table, it is readily apparent that the 
application of manure brought about large increases in the content 
of nitrates, the larger applications showing the greater effects. 
Only in two instances was there no increase in nitrates when the 
amount of manure was increased and in both these cases the differences 
were small. The average figures for the five samplings show a steady 
increase in nitrates, the largest amount being present when 36 tons 
of manure were applied. The increases, however, were not propor¬ 
tional to the amount of manure applied, the 16-ton applications 
giving less than twice as much nitrate as the 8 tons; the 24 tons, 
about twice as much as the 8 tons; and the 36 tons, about three 
times as much as the smallest amount. Tt is evident that even such 
a large amount of manure as 36 tons per acre did not depress nitrifica¬ 
tion in this soil. 

It may be noted that at the second sampling all the soils contained 
less nitrate than at the first or at the later samplings. This may be 
due to the multiplication of bacteria in the soils and the consequent 
assimilation of available nitrogen in greater amounts. At the later 
dates, the numbers of these nitrate-assimilating bacteria may have 
decreased and hence larger amounts of nitrates were found. It is 
interesting to note however that the effects of the manure show up 
very similarly even where smaller amounts of nitrates were present. 
It might be expected that there would be a greater development of 
the nitrate-assimilating bacteria in the more heavily manured soils 
and hence the decrease Jn nitrates would be more pronounced in 
them and the differences would not be so great between the variously 
treated soils. Evidently there were some other factors which came 
into play and affected the ratio between nitrate production and nitrate 
assimilation. 

Table 2 .—Nitrification oj ammonium sulphate in samples drawn at intervals of 

two weeks 

Exj)revsse(1 in m^. of nitrate nitrogen per roo gm. of soil. 

(Average of duplicate tests on samples from duplicate pots) 


Treatment 

I 

II 

Ill 

IV 

V 

General 


2 wks. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

Check. 

9-559 

14.885 

11.747 

12.346 

15.097 

12.727 

8 tons manure 

T 0.030 

19.020 

14.932 

17.T77 

16.386 

15.509 

T6 tons manure 

14-943 

20.084 

16.007 

18.448 

19-475 

17.791 

24 tons manure 

12 300 

2T.321 

20.026 

24.649 

20.845 

19.828 

%6 tons manure 

IS,2S8 

2 /L.% 6 d. 

20.0AQ 

26.68^ 

21.^16 

2i.7rA 


The nitrifying power of the manured soils is shown in Table 2. 
An examination of this table shows that the effect of manure on the 
nitrifying power of the soil was similar to its effect on the content of 
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nitrates. The addition of 6 tons of manure f2jeatly increased the 
nitrifying power of the soil and every further addition increased it 
still more, in practically all cases. The average figures for the five 
samplings show clearly the steady increase in nitrifying power in the 
soils. Again, it is seen that the increase was not proportional to the 
amount of manure added, the 36 tons giving only about three times 
as large an effect as the 8 tons while the 24 tons and the 16 tons gave 
about twice and one and one-half times the effect of the 8 tons, respec¬ 
tively. Again it is evident that the heavy application of manure did 
not depress nitrification in this soil. 


Table 3. —Nitrates in soils treated with phosphates -at the various samplings, 
Expre.ssed 111 mg of nitrate nitrogen per 100 gni. of soil. 

(Average of duplicate tests on sam})los from duplicate pots) 


Treatmi'nt 

I 

II 

III 

IV 

V 

General 


2 wks. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

Check . 

4.14Q 

1.8648 

2.5047 

3.519 


3.197 

I ton rock plio.<?phate 

475H 

2413 


3.640 

3-856 

3.8017 

2 tons rock phosphate 

5 -b 75 

I .« 9 .S 

3 -b 33 H 

3 336 

3-782 

3.6643 

200 lbs. acid jihosphate 

5432 

2.120 

3.9600 

3.984 

4-241 

3.947 

400 lbs. acid jihosphate 


2 529 

5.993b 

4.239 

4-651 

4.098 


The effect of the phosphate fertilizers on the nitrate content of 
the soil is shown in Table 3. The results are not very conclusive, as 
the differences are too small At the first sampling the rock phos¬ 
phate increased the nitrate content, the larger amount giving the 
greater effect; at the second and third samplings the one ton of the 
phosphate gave an increase, but the two tons gave a much smaller 
effect; at the third sampling, the larger amount of phosphate seemed 
to dei)ress the nitrates slightly and the .smaller addition had little 
increasing effect; and at the last sampling both applications seemed 
to decrease the nitrate content somewhat. The general average for 
all the samplings, however, shows an increased for both treatments, 
the larger amount of the rock phosphate having less effect. The acid 
phosphate increased the nitrate content of the soil at all the samplings, 
the larger amount giving a greater effect in all cases after the first, 
where a slight depression over the check was noted with the 400- 
pound treatment. The duplicates in this case, however, were not 
satisfactory. Comparing these results with those given in Table i, 
it is seen that a similar depression in nitrates occurred at the second 
sampling, but this was followed by an alternate increase and decrease 
instead of a continuous increase as noted in the manured soils. 

Table 4 shows the effect of the phosphates on the nitrifying power 
of the soil. The addition of rock phosphate at the rate of one ton 
per acre increased the nitrifying power of the soil quite distinctly in 
all but one case. The two tons showed an increase at three samplings, 
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Table 4. —Nitrification of ammonium sulfate in soils treated with rock phosphate 

and acid phosphate 

Expressed in mg. of nitrate nitrogen in 100 gm. soil. 

(Average of duplicate tests on samples from duplicate pots) 


Treatment 


Check 

1 ton rock f)hosphate 

2 tons rock phosphate 
200 lbs. acid phosphate 
400 lbs. acid phosphiite 


I 

11 

TTI 

IV 

V 

General 

2 wk«. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

9-559 

14.885 

11.747 

12.34b 

15097 

12.727 

10.484 

14.350 

14.085 

15.012 

17.777 

14.361 

9.855 

14.227 

14-983 

14.157 

13-843 

13.413 

10.232 

18.803 

14.778 

13.156 

14.452 

14.280 

9.611 

18.710 

13-777 

16.281 

13.617 

14.397 


but at two of these three gave a smaller effect than the smaller ap¬ 
plication. The average figures show an increase from the use of the 
rock phosphate, the two tons having less effect than the one ton 
application. The acid ]ohos])hatc increased the nitrifying power of 
the soil in all cases except at the fifth sampling. In general, the 
larger amount of the x^hos^ihate had less effect than the smaller 
application, the average results however show little difference in the 
effect of the two amounts. It seems evident from these results 
that rock phosphate and acid phosphate may prove beneficial to the 
nitrification pr9cess in soils and hence they may have an effect on 
crop production in soils in addition to that attributable to the 
phosphorus content. 


Table 5. —Nitrates in soil treated with NaNO^. 
Expressed m mg. of nitrate nitrogen x>er 100 gm. of sod. 
(Average of duplicate tests on samples from dujilicate jiots) 


Treatment 

I 

11 

III 

IV 

V 

General 


2 wks. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

Check 

4.149 

1.8648 

2.5047 

3 519 

3.946 

3.197 

100 lbs. sodium nitrate 

3.776 

2.602 

4.5866 

4.411 

5.061 

4.0873 

400 lbs. sodium nitrate 

5755 

3.743 

6.525 

6.441 

6.690 

5.831 


The effect of sodium nitrate on the nitrate content of the soil is 
wShown in Table 5. At the first sampling there was less nitrate 
present in the soil treated with 100 pounds than in the check, but 
at the later samplings much larger amounts were found, the increases 
being greater than can be accounted for by the amount of nitrate 
added in the sodium nitrate. In all cases, the larger applications 
had more effect than the smaller amount, but the increase was not 
proportional to the size of the application. The decrease in nitrates 
at the second sampling probably indicates a period of active nitrate 
assimilation as noted in the manured soils. It seems evident that 
sodium nitrate stimulated the production of nitrates in this soil. 

The influence of the sodium nitrate on the nitrifying power of the 
soil is shown in Table 6. Both applications increased the nitrifying 
power of the soil, in all but one instance, where the difference was 
slight. The 400-pound application gave greater effects than the 100 
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Table 6. —Nitrification oj ammonium sulfate by soils treated %vith NaNOj 
Expressed in mjr. of nitrate nitrogen per 100 gm. of soil. 
(Average of duplicate tests on samples from duplicate pots.) 


Treatment 

I 

II 

III 

IV 

V 

General 


2 wks. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

Check 

9.5.S9 

14.885 

11.747 

12.346 

15.097 

12.727 

100 lbs. .sodium nitrate. 

10.0^6 

14 150 

13.688 

14..S42 

15.629 

1^.609 

400 lbs. sodium nitrate. 

12.688 

19.720 

17.409 

16.222 

16.787 

16.565 


pounds in all cases and the average results show that the larger 
amount gave four times as great an effect as the small amount. It is 
interesting to compare the effect of the 400 pounds of sodium nitrate 
with that of the 16 tons of manure and note that both increased the 
nitrate accumulation and the nitrifying power of the soil to the 
same extent. 


T\ut.e 7.— Nitrates in soil treated with clover 
Exjircssed in mg. of nitrate nitrogen ptT 100 gm. of soil. 
(Average of duplicate tests on samiilcs from duplicate i)Ots) 


Treat m(‘nl 

1 

ir 

in 

IV 

V 

General 


2 wks. 

4 wks. 

6 wks. 

8 v^^ks 

TO wks. 

Average 

Check 

4.149 

1.8648 

2.5047 

3.5m 

3.946 

3.197 

2 tons clover 

1.898 

r 981 

3 . 55«9 

3.506 

4.243 

3.037 

4 tons clover 

.2.149 

2 359 

3.375 

y202 

4.623 

3.141 


Table 7 show's the effect on the clover hay of the nitrate content 
of the soil. At the fmst sampling both additions depressed the 
amount of nitrates, but at the later samplings there were increases 
in all but one case. In general the effect of the 2 tons and the 4 tons 
was very wsimilar, the larger amount giving a greater effect in some 
instances and in other cases showing a small influence. The average 
figures show no increase for the treatments, but if the results ob¬ 
tained at the first sampling are not included then there W'ould be an 
increase indicated, with a slightly larger effect for the larger addition. 
It may be concluded that clover hay increased slightly the nitrate 
content of this soil. 


Table S. —Nitrification oj ammonium stdfatc by soils treated with clover. 
Expressed in mg. of nitrate nitrogen per 100 gm. of soil. 

(Average of duplicate tests on samples from duplicate pots.) 


Treatment 

I 

IT 

III 

IV 

V 

General 


2 w-ks. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

Check . 

9.559 

14.885 

11.747 

12.346 

15.097 

12.727 

2 tons clover. . 

11.262 

16.569 

15-865 

15.232 

16.176 

15.021 

4 tons clover . . 

10.960 

18.423 

14.865 

15.^63 

16.407 

15.304 


The effect of the clover hay on the nitrifying power of the soil is 
indicated in Table 8. In all cases the additions increased the nitrify¬ 
ing power of the soil, the increase being somewhat greater for the 
4-ton application than for the 2-ton amount as shown in the average 
figures. At two samplings, however, the larger amount had some¬ 
what less effect than the smaller amount. 
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The steady increase in the nitrate content of the soil treated with 
clover hay and the almost similar increase in its nitrifying power 
indicate that .given more time for decomposition the treatment might 
show considerable beneficial effect on the nitrifying power of the soil. 
It is interesting to note that even in the period of this work the 
increase in the nitrifying power of the soil with the 4-tons of clover 
hay was about equal to that in the soil receiving 8 tons of manure. 


Table 9. —Nitrates tn sotls treated with a complete commercial fertilizer. 
Expressed in mg. of nitrate nitrogen per uk) gm. of soil. 

(Average of duplicate tests on samples from duplicate pots.) 


Treatment 

I 

II 

ITT 

IV 

V 

General 


2 wks. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

Check 

4.149 

1.8648 

2.5047 

3-519 

3 - 9+6 

3*197 

300 lbs. complete fertilizer 

5-328 

2.449 

3.5549 

3.175 

4-320 

3.7654 

600 lbs. complete fertilizer 

6.730 

2.631 

3.4803 

4.051 

4.176 

4.214 


Table 10. —Nitrification of ammonium sulfate by soils treated with a complete 

commert lal fertilizer 

Expressed in mg. of nitrate nitrogen per 100 grn. of soil. 

(Average of duolieate determinations on samj>les from duplicate pots) 


Treatment , 

I 

11 

III 

IV 

V 

General 


2 wks. 

4 wks. 

6 wks. 

8 wks. 

10 wks. 

Average 

Check 

9-559 

14.885 

11.747 

12.346 

15.097 

12.727 

300 lbs. complete fertilizer 

11.692 

14.071 

15.211 

13.045 

13.472 

13.498 

600 lbs. complete fertilizer 

10.708 

12.022 

14.851 

12.549 

12.625 

12.551 


The effects of the complete commercial fertilizer on the nitrate 
content of the soil and on its nitrifying power are shown in Tables 9 
and 10. In all but one instance there w^as an increase in the nitrate 
content from the treatment and in most cases the larger amount 
gave the larger eflect.. The average results show that the 600 
pounds gave almost twice the eflect of the 300 pounds. Again, as 
noted with other materials, there was an alternate rise and drop in 
nitrate content at the different samplings, a decrease at the second 
sampling being followed by an increase. With the larger amount 
no further decrease occurred, but with the smaller amount a decrease 
at the third sampling was followed again by an increase at the last 
date. It seems evident that this complete fertilizer increased the 
nitrate content of this soil. 

The nitrifying power of the soil was not largely affected by the 
fertilizer, the 300 pound treatment showing a small increase in the 
average figures while the 600 pounds showed a decrease. At three 
of the samplings the smaller amount increased the nitrates but the 
larger amount gave increases only at two samplings. In all cases, 
the smaller amount gave greater effects than the larger amount. 
The results are so irregular that it is difficult to draw definite con- 
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elusions, but from the avera^^e figures it seems that small amounts 
of the complete fertilizer may bring about slight increases in the 
nitrifying power of this soil 


SPiMMARY 

The conclusions which may be drawn from these experiments on 
the effects of manure, clover hay, phosphatic and nitrogenous 
fertilizers on nitrification in the (\irrington loam soil in the green¬ 
house arc as follows. 

Nitrification was increased by apjilieations of manure u]) to the 
maximum treatment of 36 tons ]jer acre, as shown by the nitrate 
content of the soil. The increases from the larger applications were 
not proportional to the anKnint of the application 

The nitrifying power of the soil was increased by the manure uj) 
to the 36 ton amount, but the increases were not proj)ortional to the 
amounts msed 

There was no indication of denitrification in the soil receiving the 
largest amount of manure (36 tons). 

R(^ck phosphates increased the nitrate content and the nitrifying 
]3ower of the soil. 

Acid phosphate stimulated the nitrifying i:)ower of the soil and 
gave a greater nitrate content. 

vSodium nitrate increased the nitrate content of the soil and 
enhanced its nitrifying power 

Clover ha}' gave a little (Tfect on the nitrcite content of the soil, 
but increased its nitrifying power 

Small applications of a 2 8-2 complete fertilizer gc ve an increase 
in the nitrate content of the soil and stimulated the nitr'dving power 
to a small extent. 

Periods of intensive nitrification seem to alteniatewith p< riodsof 
lesser action, the length of these jicriods and the time of th'dr oc¬ 
currence varying wit.h the treatment of the soil. 
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AN AGRICULTURAL RETROSPECT 

(A Book Review) 

F. D. Farrell 

“Whenever you think you have a new idea, look up the Greeks 
and see which one expressed it best.” This statement by an author 
whose name J do not now recall sujj^gests one of the best of reasons 
for reading history To read history hel])s to give us jjerspective and 
a proper feeling of humility. 

We people whose lives and energies are devoted to the welfare of 
agriculture and country life would do our work better and serve our 
country more effectively if we knew more than most of us do about 
the im])ortant achievements and interesting lives of our predecessors. 
Tt is true that jnost of us have something of a habit of “reviewing 
the literature” before we ])ublish the results of our inquiries, and this 
is as it should be. But com])aratiATly few in our i)rofessional fraternity 
have made this habit include much of the literature of the beginnings 
of agriculture, even m America. One result of this is that many, 
perhaps most of us frequently have need to “look up the Greeks ” 

These are some (^f the thoughts suggested by a reading of “The 
beginnings of Agriculture in America,” a book written by Mr. 
Lyman C^arrier of the Bureau of Plant Industry, and published in 
1923 by the McGraw-Hill Book C'o. The book is an agricultural 
retrospect which should be of interCvSt and value to any American 
agricultural student who gives himself the pleasure of reading it. 
The author is an agronomist and the book is devoted chiefly, but by 
no means entirely, to subjects of agronomic interest. 

Naturally, every member of the American Society of Agronomy is 
familiar with some of the material which the book contains, but 
much of the material is new to most of us Any one of us might 
give himself a test on the following questions based on a few of the 
numerous subjects discussed in the book. AVhen and where was 
alfalfa first grown in North America‘s What animals did the Indians 
domcisticateWhen was barbary eradication first suggested in 
AmericaWhat was Bristol Beer? How did the Indians clear land ? 
When and where did Americans first try to grow cotton as a perennial 
and with what results-' What is the origin (.)f crab grass'-* When 
and where was the first American agricultural experiment station 
establishedWhat American colonies tried communistic farming? 
What fertili/.ers, if any, did the Indians use" In what American 
colonies was irrigation jiracticed ^ To what extent did the Indians 
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practice agricultural cooperation‘s Was agricultural price-fixing ever 
tried by the American colonies? Did the colonies have any laws 
against the use of tobacco^ Did Wavshington and Jefferson grow 
alfalfa? What colony was famous for its pacing horses'* Did any 
of the colonies suffer from over-production of wheat? 

Without subscribing to the general principle of questionnaires, one 
might suggest that even this one is of some importance and that it 
might prove embarrassing to several members of the Society if it 
were spmng on them by some agricultural Thomas A. Edison. 

Carrier makes tis feel our indebtedness to the sagacity of the 
American Indian. It gives us a w^holesome feeling of humility to 
read one of the author’s enthusiastic statements about the Indian’s 
accomplishments in the improvement of maize “The Indians,” he 
says on ]mge 43, “had achieved marv'clous progress in its culture. 
It was the most widely growai of all their domesticated plants , . 
Through the years, perhaj^s millenniums (in) wiiich the Indians had 
cultivated com they so modified its habits of ^u‘owlh that they had 
strains suitable not only for greatly varied climatic and soil conditions, 
but for many special purpe^ses of use as w^ell All the changes and 
improvements in corn which the white man has been alffc to ac¬ 
complish in the ])ast four centuries arc insignificant w’hen compared 
with the work of the Indians w^ith this plant.” 

The origins and early culUire of many of our important ])lants arc 
treated at considerable length: the i^otato, cotton, tobacco, corn, 
peanuts, and many others Several pages of interesting discussion 
are devoted to the origin of w’hat has become an American institution 
—the watemielon. The evidence is interCvStingly conflicting The 
author, an outspoken chamjiion of the Indian, gives the latter the 
benefit of the doubt, concluding the discussion (page 78) as l\)now'^s- 
“Until more convincing evidence to the contrary is brought to 
light, it seems advisable to consider the genus Ci/ni//w5 as common 
to both hemispheres the same as the common gourd and seven other 
genera of cucurbits. At present the evidence favors the American 
Indian as the discoverer and domesticator of the edible w^atennelon. ’ ’ 
Those of us who are directly concerned with the conserv'ation of 
pastures (and more of us should be than are 0 can find in the book a 
few interesting fragments on that subject. We can leani, for ex¬ 
ample, that oUr concern with the question of burning is no new^ matter 
among American farmers. A North Carolinian, writing in 1731, is 
quoted (page 197) as follows-- 

“As for Hay, I never observed any made in the 
Country, tho’ they have such plenty of Grass, 
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that they are obliged to burn it off the Ground 
every 10th of March, by vertue of a Law made in 
the Country for that ])urpose.” 

The author must have spent many laborious but hap])y hours with 
fascinating old books in the libraries of Washingtcjii. The bibliog¬ 
raphy contains 135 titles, many of them of the sixteenth century. 
The fact that he quotes co])iously from these old treasures is one of 
the strong points of his book. Several delightful wood cuts, chiefly 
sixteenth century, are reproduced. 

In his modest jireface the author i^ractically forestalls adverse 
criticism when he says that “An adequate history of agriculture in 
the United States has yet to be written and, when it is, it must, to 
be reliable, be based on a thorough understanding of fanning achieve¬ 
ments of tlie colonists. . It is hoped that this book may assist in 
future research in the subject ’’ He may be assured that at least one 
of his readers is convinced that the hope will be realized. 


AGRONOMIC AFFAIRS 

NEWS AND NOTES 

O C, Bryan has been appointed Assistant Professor of Agronomy 
at the Florida College and vStation 

At the University of Tennessee, foniicr Vice-Dean C A. Willson 
has been made Dean of th(‘ College of Agriculture, and fonner \’'ice- 
Director C. A Mooers has been made Director of the Agricultural 
Experiment vStation. 

Earl B. Working had been ap])ointed Associate Professor of Milling 
Industry at the Kansas State Agricultural College. 

John Paul Jones, formerly of the College of Agriculture at Cornell 
University, has been appointed Research Agronomist at the 
Massachusetts Agricultural College and Exjieriment vStation, effective 
October i, 1923. 

C. R. Runk, Assistant IVofessor of Agronomy at the Delaware 
College of Agriculture, has been made also Assistant Agronomist of 
the ILxperiment vStation, and will take up s])ecial studies of soil 
acidity. 

Dr. E. W. Allen has relinquivshed the editorship of the Experiment 
Station Record, and II. L. Knight, who has been Assistant Editor 
(1906'“!918) and Associate Editor (since 1918) now bec'omes Editor 
of the Record. 

W. H. Waggaman has resigned as Scientist in charge of I nvestigations 
of Fertilizer Resources of the Bureau of Soils of the U. S. Department 
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of Agriculture, to accept a position with the Victor Chemical works, 
of Chicago Heights, Illinois, where he will be engaged in investiga¬ 
tions with phosphates and phosphoric acid. 

M. A. Willis, a graduate of Clemson College, has been appointed 
as a graduate assistant in the Department of Agronomy at the 
Universit}^ of Delaware. 

G, E. Thompson, formerly Head of the Agronomy Division of the 
College of Agriculture of the University of Arizona, has resigned to 
enter conunercial work R. S. Hawkins has been ai)ointed to fill the 
vacancy at Arizona. 

I. A. Briggs, wlio has recently com])leted some graduate work at 
Iowa State (k)llege, has been apiiointed Assistant Agronomist at the 
Arizona Agricultural Experiment vStation 

E. N. Bressman, fonncrly Assistant IVofessor of Agronomy at the 
Montana State (College and Assistant Agronomist of the Montana 
Agricultural Experiment Station, has been a]:)point^'d Assistant 
Agronomist at the Oregon Agricultxiral lixperiment vStation, elective 
January i, 1924. 

Dr. Elmer Drew Merrill, who was foimerly connected with the 
U. S. Department of Agriculture and since 1902 has been engaged 
in agricultural and botanical work in the Philippine Islands, has been 
appointed Dean of the College of Agriculture of the University of 
California Dr Merrill went to Manila in 1902 and served first as 
botanist for the Bureau of Agriculture and Forestry and later us 
botanist of the Bureau of Science, of which Bureau he has also been 
Director since 1919. He«was also Professor of Botany at the Uni¬ 
versity of the Philippines from 1912 to 1919 

N E. Winters, who has been in charge of the cooperative in¬ 
vestigations in boll-weevil control at Florence, S C , has gone to 
Buenos Aires, where he has l>een appointed Agionomist in the 
Cotton Investigations of the Department of Agriculture of the 
Argentine Republic 

Professor S C Salmon, of Kansas Agricultural College, addressed 
the farmers and station and substation agi onomists at University' 
Farm recently on the topics “How Certification of Seed Grain is 
Aiding Kan.sas Fanners” and “What Alfalfa has done for Kansas.” 

At a meeting of Central and wSubstation agronomists, held January 
7, 1924, at University Fann, St. I’aul, plans were discussed for further 
standardization of field trials, and a wdder introduction of new 
varieties of recommended farm crops Before recommending a new 
variety for distribution to the farmers it must first have the approval 
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of this K^roup, such decision beinj^ made upon the basis of evidence 
obtained by comparable field trials 

Professor Andrew Boss, Vice-Director of the Minnesota Experi¬ 
ment Station, addressed the farmers and experiment station workers 
during Short Omrsc Week recently at Bozeman, Montana, on the 
topics (t) “Shfiiild Dairyin^O:)c Expanded in Montana” and (2) “Re¬ 
adjustments in Production for 1024.” Professor Boss obseiwed that 
surplus farm ]iroducts should be discouraged and that more prosjicrity 
for the fanners would result if flax, wool, mutton, and sugar were 
produced in greater abundance. These products are imported in 
quantities int(j the Ibiited States each year, and Montana fanners 
might do well to increase production along these lines, as they are 
located where the conditions for production of cit least the first three 
are very favorable 

NEW PUBLISHER FOR THE JOURNAL 

Beginning with the January, 1024, issue the Journal will be printed 
and distributed from the publishing house of W. F. Humphrey, at 
(jcneva, New York. The* new arrangement, whereby the editorial 
and publishing ofljces are located in the same city, will facilitate 
many of the details of mcchanioal operation and tend to make for 
more prompt distribution of the Journal each month The new 
publisher has a hne modern printing plant and assures the editorial 
staff that he will be able tri maintain a high standard of quality of 
mechanical work on the Journal. 

TENTH ANNUAL CONFERENCE OF NEW ENGLAND AGRONOMISTS 

'Pwenty agronomists, members of the New England Section of the 
American Society of Agronomy, attended all of the sessions of the 
annual conference which was held at the Parker House in Boston, 
Mass., on December 7 and 8, 1923 

The following jirogrcim V'as carried out in full 

Evening Session, Friday, De(ember 7, y:jo P. M 
ke])ort of nalional meeting, witli sjiecial enipliasis on soil survey symposium. 

Director W. J Slate, Jr 

What we are doing in Connectieut IVofessor M P. Morgan 
Interpretation of tin* soil survey as done in Mas.sachusetts, M. O. Lanphear 
A symplihed textural elassilication of soils. Professor A B. Beaumont. 

Discussion led by Director S. B. Haskell 

Morning Session, Saturday, December q:o() A. A/. 

The need for soil fertility investigations in New England. Director S. B. Haskell* 
What should be its outstanding features? Dean F. W. Taylor. 

Is there more duplication than is profitable? Professor F, W. Morse, 
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Maine’s plans for the next ton years I’rofcssor G. E. Simmons. 

Present status of tlio Massachusetts program. I’rofessor j. P. Jone.s. 

The fertilizer resources of the .soil as relalcri to different crops. Director R. L. 
Hartwell. 

Luncheon Session Saturday, December 8 , i voo M 

A decade of accomjilishnients of the New England Section of the American 
Society of Agronomy, President W. L. Slate, Jr. 

In the opinion of those who were in attendance, thiswasoncof the 
most successful conferences which has been held by the Section. 

THE WINTER MEETING OF THE SOCIETY 

A meeting of the vSociety, in joint session with Section 0 of the 
American Association for the Advancement of Science, was held in 
Cincinnati, Ohio, on Friday, December 28, 1Q23. In the absence 
of the officers of the Society and of Section 0, the retiring vice-presi¬ 
dent of Section 0, Dr. R. W 'I'hatcher, pre,sided at all of the sessions. 
About forty persons were in attendance at the sessions during the day, 
and thirty-nine attended the joint banquet in the evening. 

The two sessions during the day were devoted to a symposium 
arranged by Dr. C. R. Ball on the topic “Research Fundamental to 
solving liconomic Problems on ('rop Plants.” which included the 
following papers. 

III. Taxonomy, l)r. C K. Ball 

ill. Mycology, Dr. ('. L. Shear 

2 Morphology, Dr. R. A. Daklry 

3. Physiology, Dr. Wm ("rocker 

4 Cytology, Dr. R. A. Harjicr. 

5 Genetics, Dr. H. H. Love. 

6 Biuchcmi.slry, Dr. R. A. Gortner. 

7 Rdaphics (Soils), Dr. J. G. Lipraan. 

These papers will be published later in the Journal. 

At the joint dinner in the evening. Dr. R. W. Thatcher, retiring 
vice-president for Section 0, read his annual address entitled “A 
Program for Agricultural Development.” The address will be pub¬ 
lished in an early is.sue of “Science.” 
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SYMPOSIUM—THE FORAOE PROBLEM 

1. THE LARGER ASPECTS OF OUR FORAGE SUPPLY' 

C. V. PlPKR= 

This address will consist mainly of comments on a series of charts 
which will be shown. Many of the charts will serve to bring to the 
attention of agronomists some of the major problems on the matter 
of forage. These charts are to be published in the 1923 Yearbook of 
the Department of Agriculture, illustrating an article on “Our Forage 
Supply.'’ 

An agronomist’s attitude toward the facts will depend on whether 
he believes or doubts that the farmers have found the best possible 
solution of the problem of production, when all the factors are 
considered. Either attitude is germane to discussion during the 
symposium. 

Whether or not American agriculture as it exists is what it should 
be, deserves consideration, particularly as forage and livestock make 
up its largest portion. The dinosaur and the Neanderthal man 
were doubtless wonderfully well adapted to the conditions of their 
times. It is worth questioning whether our present agriculture is as 
well adjusted as it might be to all the factors. That it exists thus and 
so, does not prove that it may not be more or less comy)arable to 
the dinosaur of old. 

Some people seem to think that the injunction “Man shall not live 
by bread alone” means “Eat more meat.” Inasmuch as about five- 
sixths of American agriculture is forage production and animal 
husbandry, it would seem that this interpretation is uncalled for. 

'Abstract of address at opening of symposiurA program, Chicago, 111 ., Nov¬ 
ember 12, 1923. 

*Agrostologist in charge of Forage-crop Investigations, Bureau of Plant In¬ 
dustry, U. S. Department of Agriculture, Washington, D. C. 
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Agronomists are apt to think mainly of problems of production. 
It is well also to consider what becomes of the produce of the crops. 
This will aid in a better comprehension of agriculture as a whole. 

The following series of charts was displayed and discussed: 

1. Acres Used for Production of Forage, of Food, and of Other 
Crop Products, 1919. 

2. Acreage of All Crops and the Approximate Number of Acres 
Devoted to the Production of Feed for Animals in Each Section of 
the United States, 1919. 

3. Percentage of Total Crop Acreage Harvested Which is Devoted 
to the Feeding of Farm Animals, 1919. 

4. Relative Farm Values of All Crop Products Used for Forage 
and Those Used for Food, 1919. 

5. Human Population and Animal Population, 1919. 

6. Animal Surpluses and Deficiencies, 1919. 

7. Relation of Human Population to Animal Population in 

Europe. 

8. Comparative Curves of Population All Cattle, Swine, Sheep, 
Beef Cattle, Dairy Cattle, i860- 1920. 

9. All Harvested Forage, 1919. 

10. Relative Importance of Major Crop Pkints as P'orage Pro¬ 
ducers, r9J9. 

11. Concentrated Feeds Eaten by Livestock, 1919, and the 
Number of Cattle Each Item would Support for one year. 

12. Hay and Fodder Crops, 1919. 

13. Production of Hay in the United States, 1870-1920. 

14. Hay Production, 1919. 

15. Comparative Yields of the Principal Hay and Fcxider Crops, 
1919. 

16. Straws and Stovers. Total Production, Amount Eaten by 
Livestock, and Number of Cattle each Item would Support for One 
Year. 

17. Silage, Root Crops, etc. Production, Annual Ration and 
Number of Cattle each Item will Support for one Year. 

18. Crops cut for Silage (mostly Com); Production, 1919. 

19. Relative Prices of Com and Alfalfa Hay at Kansas City, Mo., 
1910-1921. 

20. Native Vegetation of the United States. 

21. Native Grass Areas of the United States. 

22. Pasture Lands by Classes, North, South, and West. 

23. Wild, Salt or Prairie Grasses; Acreages, 1919. 

24. Leguminous Hay Production, 1919. 
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25. Sorghums Harvested Both for Forage and Grain; Acreage, 
1919. 

26. Timothy Acreage, 1919. 

27. Clover Acreage, igig. 

28. Alfalfa Acreage, 1919. 

29. Miscellaneous Tame (brasses; Acreage, 1919. 

30. Small Grains Cut for Hay; Acreage, 1919. 

31. Annual Legumes Cut for Hay; Acreage, 1919. 

32. Coarse Forage Production, 1919. 

1'he outstanding facts which were emphasized are as follows: 

One-fifth of all tilled land in the United States is used to produce 
non-animal human food (bread, fruits, vegetables, nuts, sugar, oil). 

One-tenth of all tilled land in the United States is used to grow 
cotton, tobacco, etc. 

Seven-tenths of all tilled land in the United States is used to produce 
feed for livestock 

Harv^ested forage jjrovides only one-half enough feed. Therefore 
pasturage* supplies the other half 

Pasturage costs less thati one-fourth as much as would the same 
amount of feed harvested 

Permanent pasturages of all kinds are about eighty percent of the 
total pasturages 


2. HAY CROPS 

A. FERTILIZING TIMOTHY AND CALCULATING FINANCIAL 

RETURNS^ 

A. F. Gustafson*’ 

Timothy has long held a high place as feed for work horses, par¬ 
ticularly in the great cities. The demand from this source is now 
greatly reduced thru the large displacement of horses by motor- 
driven vehicles. Whether this displacement has gone too far, as 
claimed by the horse men, or will go still further, only the future 
can determine. The present price of gasoline tends to increase the 
number of motor vehicles, while the low pric'c of hay favors the 
horse. It does not appear, however, that the city demand for 
timothy hay will increase during the next few years; indeed it is 
doubtful if the present demand will be sustained. Farm economists 

Taper read as a part of the symposium on “The Forage Problem” at the 
meeting of the Society held in Chicago, Ill., November 12, 1923. 

’Extension Professor of Soil Technology, Cornell University, Ithaca, N. Y. 
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are now urging hay producers to make radical readjustment in their 
rotations so as to reduce the acreage devoted to growing timothy for 
several consecutive years. The problem confronting hay producers 
in New York today is not so much how to fertilize timothy hay for 
profit as how to grow it and secure a labor income. This statement 
may seem a bit startling to anyone who has studied recent experiment 
station bulletins without figuring the returns using present hay 
prices and present fertilizer and labor costs, 

EXPERIMENTS IN FERTILIZING TIMOTHY 

Many experiment stations, particularly in the East, have conducted 
much valuable experimental work in fertilizing the timothy crop. 

Schuster (i)'"* reports the restxlts of fertilizing timothy hay for 
nine consecutive years on the same land. Commercial plant food 
was used without manure. All plats received 1200 pounds of burned 
lime to the acre. There was but a single check plat, and no dupli¬ 
cation of treated plats. Table i summarizes the results obtained. 


Table i-Nine-year average yield of timothy and increase horn treatment. 


Plat Treatment 

Pounds 

Average yield of 

Increased yield 


per acre 

hay to the acn‘ 

from fertilizer 



pounds 

pounds 

1 Nitrate of soda 

150 

3921 

467 

2 “ 

300 

4585 


3 Sulphate of ammonia 

150 

4502 

1048 

4 Nothing 


3454 

. 

5 Nitrate of soda 

150) 



Acid phosphate 

125? 

4730 

1276 

Muriate of pota.sh . 

50; 



Nitrate of soda 

1501 



Acid phosphate . 

125 

4371 

917 

Nitrate of soda 

1501 



Muriate of potash 

5 o \ 

4854 

I 4 (K) 

Acid phosphate . 

1251 



Muriate of potash 

50' 

4567 



The check plat gave a relatively high yield; hence, the apparent 
increases from fertilizer are less tnan might have been expected. 

Haskell (2) reports the results of thirty years of fertility work in a 
somewhat irregular rotation, including hay, which was grown two 
consecutive years on limed and tinlimed land without manure. 
Table 2 gives the yields on limed land, together with the increases 
resulting from the various fertilizer treatments compared with the 
average of the check plats. 

It would appear that plat 3 was abnormal as phosphorus should 
not decrease the yield. The increase from nitrogen was small and 
an abnormally large increase was produced by potassium on plat 5. 
The most effective combination of two elements was phosphorus and 

•Reference by number is to “Literature Cited,” p 164. 
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Table 2.—Effect of soil treatment on yield of hay in rotation^ North soil test — 4 imed^ 
no manure^ average of five crops. 


Plats 

Treatment 

Pounds 

Yield of hay 

Increase from 



per acre 

pounds 

treatment 





pounds 

1-4-8-12 

None 


1707 

— 

2 

Nitrate of soda 

160 

2490 

783 

3 

Dissolved bone black 

. 320 

1407 

—300 

5 

Muriate of potash 

160 

3840 

*953 

6 

Nitrate of soda 

1601 

3617 

1910 


Dissolved bone black 

320 



7 

Nitrate of soda. 

. 160 

349 « 

1791 


Muriate of potash 

160 



9 

Dissolved bone black 

320 

39<>7 

2260 


Muriate of potash 

160 



10 

Nitrate of soda 

160) 




Dissolved bone black 

320 > 

4872 

3 *h 5 


Muriate of potash 

160; 




potash, while a combination of all three into a complete fertilizer 
gave the largest yield. In another experiment the plat which re¬ 
ceived 15 tons of manure produced 5060 pounds of hay as compared 
with 2310 pounds of hay grown with 160 pounds of nitrate of soda. 

Lyon and Bizzell (3) report results of fertilizing a six-year rotation, 
com, oats, wheat and timothy three years, all of the fertilizer being 
applied to the timothy, as shown in Table 3 


Ta hle 3. - Y ields of timothy hay without manure and increase in yield from fertilizers^ 
average of stx crops^ igo 5 ~-iQi^. Increase computed from nearest check. 



Treatment applied on 

each timothy Pounds 

Yield of hay. 

Increase in 

Plat 

tTOp 

per 

average of 

yield 



acre 

six crops 

of hay 




pounds 

pounds 

711 

None 


3185 

— 

712 

Acid phosphate 

320 

3688 

503 

7*3 

Muriate of potash 

80 

3806 

57 * 

714 

None 


.3235 

— 

715 

Nitrate of soda 

160 

4623 

*388 

716 

Nitrate of soda 

160/ 




Acid phosphate 

320\ 

4620 

*905 

7*7 

None. 


2715 

— 

718 

Acid phosphate 

320J 

3760 

1045 


Muriate of potash 

HoS 



719 

Nitrate of soda 

160/ 

4885 

2204 


Muriate of potash 

80J 



720 

None 


2681 

— 

721 

Nitrate of soda 

ibo'l 




Acid phosphate 

320 > 

5335 

2654 


Muriate of potash 

8oj 



731 

Manure 

. . 20000 

5071 

3053 


Further results with larger amoimts of nitrogen and phosphorus 
are given, but the above are comparable with the figures from the 
other stations. These data are most consistent. 

Gardner, Noll and Lewis (4) report forty years* results with 
fertilizing a rotation of com, oats, wheat and hay without manure. 
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Nitrogen, as dried blood, applied during alternate years at a rate 
equivalent to 140 pounds of nitrate of soda, gave a lower yield than 
the average of the check plats. This decrease is charged to acidity 
resulting from dried blood. Six tons of manure applied on alternate 
years for com and wheat gave, as a 40-year average, an increase of 
1615 pounds of hay over the nearest check plat. Two hundred pounds 
of muriate of potash alone, gave a decrease of 121 pounds while 300 
pounds of acid phosphate, alone, yielded 710 pounds above the check 
plats. Combinations of all three without manure gave, as would be 
expected, larger }'ields than any constituent alone or any two in 
combination and about the same as did the six-ton application of 
manure. 

Miller and Hudelson (5) report a thirty-year average yield of 4go2 
pounds of timothy hay grown continuously with 6 to 7.8 tons of 
manure to the acre applied annually. The increase over no treat¬ 
ment was 2325 ])ounds of hay. 

Increases from Niiratk of Soda 

The average increase in yield of timothy hay from an ap])lication 
of approximately equivalent amounts of nitrate of soda ranges from 
467 pounds of hay from 150 ])ounds nitrate at the Delaware Station 
to 1388 pounds from 160 pounds nitrate applied on three years of 
timothy in a six-year rotation on Caldwell Field at Cornell, The 
Massachusetts experiment station secured an increase of 783 jiounds 
of timothy from the same quantity of nitrate of soda to the acre. 
The increases at these three stations averaged 879 pounds of timothy 
to the acre from this quantity of nitrate of soda. Heavier applica¬ 
tions gave higher yields but not in proportion to the nitrate applied. 

Effects of Manure 

The reported increases from farm manure are brought together in 


Table 4. 




Table 4.- 

■Increase in timothy hay from manure. 



Number 

Manure to 

Increase in 

Station 

of crops 

the acre 

yield of hay 



annually on 
the average 




tons 

pounds 

Pennsylvania 

.40 


1615 

Missouri. 

30 

6-7.8 

2325 

Cornell. ... 

6 

6.7 

3053 

Ohio ... 

.21 

1.6* 

956 


•Residual effect, only, on hay. 

From these data, it may be seen that timothy responds well to 


heavy applications of manure. Even the three-ton per acre applica¬ 
tion is heavier than can be made with the manure produced from the 
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crops grown on quite productive soils. Yet, as will be shown later, 
the increased yield of timothy pays well for manure particularly 
when its effect on the crops following in the rotation is considered. 

The necessary brevity of this paper precludes citing extensive 
additional data. 

SOME FINANCIAL CONSIDERATIONS 

From the standpoint of the farmer, it is desirable to know what 
increase in yield a given fertilizer treatment has made, as shown in 
the above tables, and what financial retums he may reasonably 
expect if he follows a similar method of fertilization. The farmer 
needs definite information as to whether returns will be large enough 
to justify the expectation of a reavSonable net ])rofit under his farm 
conditions, which are seldom as good as on fertilizer plats. 

It is desirable that experiment stations report in their bulletins 
the actual yields, together with period averages and the fertilizer 
and crop prices used in calculating the value of the increased crops 
resulting from the use of fertilizers or other soil treatment. This 
problem of figuring ])rofits from the use of fertilizers w^is drscus.sed 
by Warren (6) in the ])roceedings of this Society in i()i2, and by 
Thorne (7) and Warren (8), in the Journal of this Society established 
the following }'ear. At that time Dr. WaiTen c'alled attention to the 
fact that .several items of exjiense in connection with the a])j)lication 
of fertilizer and with the harvesting and marketing of the increase 
produced by fertilizers was being ignored. Owing to the omission 
of .such important items of expen.se the farmer may hv mi.sled 

The wTiter wishes to suggest the following principles which may 
apply to figuring the value of the increase resulting from fertilization 
of any crop ec|ualh' as w^ell as to hay. In doing this tlie wTiter 
would have the .suggestions, in so far as they may be c'onstructive 
criticisms, a])ply equally to puldished work w ith wdiich he has assisted 
as to publications in general, llis only ho])e is that the real facts 
may be established. 

To the cost of the material, lime or fertilizer, delivered at the fann¬ 
er’s railroad station is to be added: (1) the cost of hauling it to the 
farm; (2) the cost of spreading, particularly when a special field 
operation is required as, for example, spreading limestone for subse¬ 
quent clover, or top-dressing timothy with a single carrier of nitrogen 
or with a mixed fertilizer; (3) interest on the outla>' for treatment 
including labor. If the material is purchased on credit, interest 
should be charged only on the outlay other than for materials, but 
the price paid in such cases is usually much higher, than a cash price. 
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The increased yield should be credited to the treatment at the 
“field” value of the crop. By the term “field” value is meant the 
market price less all the expenses of harvesting the increase, storage, 
insurance, taxes, preparing it for sale and hauling it to market, 
and any other necessary outlay. The crop increase from fertilizer 
must carry its own proportionate share of the expense of harvesting 
and marketing. 

With hay this calculation is comparatively simple. There will be 
some additional expense of cutting and raking the increased yield as 
compared with these operations on the crop of tmtreated land, but 
this item may be passed as insignificant. From the time the hay is 
raked, however, each ton must bear its own expense for: (i) hauling 
to the bam, (2) cost of storage or use of buildings, (3) insurance, (4) 
baling, (5) hauling to market. “Farm value,” as used in government 
reports and sometimes used in fertilizer-increase calculations, is 
considerably higher than what is here designated as “field” value. 

The following is a hypothetical case for the purpose of illustration. 
An experiment station buys limestone at six dollars per ton at the 
railroad station, applies it for clover at the rate of one ton to the acre 
and secures an increase of a ton of hay, mostly clover. No. 2 hay is 
now (October, 1923) selling, baled and delivered to the buyer, for 
fifteen to seventeen dollars a ton in up-state New York. (It should 
be noted however that a very large portion of New York's hay crop 
is not up to No. 2 grade and consequently has a considerably lower 

Tablk 4.' -Methods of figurinf' ^'profit*' from liming. 

I. Common method; 

Value of hay $16.00 a ton, baled, delivered hay -1 ton increase $16.00 


Cost limestone at station -I ton . . . 6.00 

“Profit” from liming an acre . . $10.00 

2. Proposed method: 

Cost of limestone at station ... .... $6.00 

Hauling to field and spreading. 2.50 

Interest on investment, 2 yearsa at6 % . .1.02 


$ 9-52 

$1.71 

•33 
1.29 

3-63 
2.00 

Total expense a ton. . $8.96 

Net “field” value of a ton of hay, $i6.oo~$8.96. $7.04 

“Profit” (or loss in fact).—$2.48 

aTwo years usually elapse from time of applying lime until the hay is marketed. 
Man labor is charged at 38 cents and horse labor at 16^ cents an hour. Farm 
Management data, 1923. 

bAverage costs 1914-1918. These have not changed materially. 


Total cost of liming an acre . 

Expen.se on each ton of hay increase: 

Hauling hay to barn from windrow . . 

Use of equipment . . 

Use of barn, interest, taxes (9), insuranceb, etc 

Baling . .. . 

Hauling to market . 
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value.) A common method of figuring “profit” from the above 
experimental data is contrasted below with a proposed method whidi 
it is hoped will give a more accurate picture of what the farmer may 
expect from soil treatment. 

One method shows an apparent profit of ten dollars an acre, the 
other a loss of $2.48. With hay at $20.00 a ton there would be a 
direct profit of $1.52 an acre. 

This calculation does not take into consideration that the treat¬ 
ment improves the quality of the entire crop, nor the indirect benefit 
of the clover to succeeding grass and cereal crops. When these 
benefits are considered there would probably be a real but only very 
moderate profit from the use of limestone under these hypothetical 
conditions. When farmers use limestone with the real situation fully 
in mind, they are more likely than otherwise to become regular users 
of limestone for clover on soils having a considerable lime-requirement. 

Nitrate of Soda not always Profitable 

Nitrogenous fertilizers have been generally recommended for top- 
dressing timothy and they do increase the yield. As cited above, 
long continued work of three experiment stations shows an average 
increase of 879 pounds of timothy hay to the acre from an application 
of 160 pounds of nitrate of soda. Consider carefully all the costs of 
this treatment under present conditions. 

The 1923 spring credit price of nitrate of soda was $69.75 ^ ton 
delivered to the local dealer. 

Table -Value of increased yield from 160 pounds of nitrate of ioda to the acre. 


Cost of nitrate of soda to dealer ... $69.75 

Dealers margin.... 5.25 

Hauling to farm ... 2.00 

Total cost, ton . . $77.00 

Cost of 160 pounds of nitrate of soda $6.16 

Spreading over one acre. .70 

Interest, average, about 4 months at 6% .13 

Total cost of fertilizing an acre with 160 pounds of nitrate of soda $6.99 

*Tield” value of 879 pounds of hay at $7.04 a ton 3,10 

Net value of increased yield to the acre. . $3.89 


This shows a loss of $3.89 an acre so treated. Here again there 
may be some enhancement in value of entire crop by improving its 
quality and some benefit to succeeding crops from the larger quantity 
of organic matter left in the soil by a larger timothy cTop. On the 
other hand, some purchasers object to hay from fertilized land, 
claiming it to be less palatable. 

The writer has no desire to discredit fertilizers. He wishes rather 
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to raise some pertinent questions with which extension men are 
confronted almost daily in correspondence, meetings, or conferences. 

There are three variables to be considered: (i) cost of materials for 
soil treatment; (2) cost of labor; and (3) selling price of the crop. 
Jt is obvious that any drop in the cost of lime or fertilizers, or any 
reduction in the total labor charge of applying materials and of 
harvesting, storing and marketing the increased yield reacts favorably 
on the net results from soil treatment. A factor which has a much 
greater effect is the selling j)rice of the croj). vSupposc the hay pro¬ 
duced were No. i in grade, or that the price of No. 2 were $20.00 a 
ton. This new valuation of the hay would give a direct ])rofit from 
liming and would reduce the loss of $3.89 frf)m use of r6o pounds of 
nitrate of soda to the acre on timothy to $2.14 an acre. The farmer 
is inclined (and properly so, on account of the business hazards 
assumed) to expect a total ])rofit of twent>" to thirty [)crcent as a 
minimum on such short time investments as fertilizing a hay crop 
Hence, in the light of these figures, it does not ap])ear that, with hay 
at pre-war prices and with nitrate of soda at a much higlier level, to])- 
dressing timothy with commercial nitrogen is a pav'ing pro])osition for 
the farmer In this connection, it should be noted that nitrogen is the 
most expensive ingredient of fertilizers. A smaller increase in yield 
from acid phosphate, alone, or in combination with muriate of ])otash, 
may be ])rofitable because of their low cost as com])ared with carriers 
of nitrogen. Carriers of potash are now essentially on the same 
price level as hay and acid phosphate is much nearer to it than are 
nitrate of soda and sulfate of ammonia. In fact the twenty-dollar 
valuation of hay would permit .several of the abrwe treatments to 
show a slight profit It is to be hoped that prices ma\^ soon shift so 
that more fertilizer can be used to the farmer’s economic advantage. 
It should be more fully appreciated that negative experimental results 
are equally as valuable as positive ones. 

Common but Ekronfoils Methods 

Larger increases were secured at some stations from two ingredients, 
as nitrate of soda and muriate of potash, or from these with acid 
phosphate, making a so-called com})lete fertilizer, A common 
method of figuring the results from these treatments is to charge 
against the increased yield the cost of the nitrate of soda, acid 
phosphate and muriate of potavsh at the price paid by the institution, 
without including other necessary expense such as shown above. 
This will make an apparent good showing for the fertilizer, but is 
har^y the true situation. Some station workers who figure the 
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value of increases on this basis discourage home-mixing, and recom¬ 
mend a mixed fertilizer based on the increases secured. But to get a 
true view from the farmer’s standpoint it will be necessary to charge 
the fertilizer used at the going })rice for ready-mixed commercial 
fertilizers rather than at the price of unmixed chemicals, because the 
ordinary price of ready-mixed goods is always considerably higher 
than is paid for unmixed fertilizer chemicals. 

Mancre a Profitable Fertilizer for Timothy 

Manure has shown consistently good results in the production of 
timothy. It furnishes nitrogen, phosphorus, and potassium, in 
proportions that promote good growth of grasses. On the basis 
of the results from the three-ton application of manure shown in 
Table 4, giving an increase of 1615 pounds of hay to the acre, at 
$7.04 a U)n “field” value, the manure was worth $i 00 a ton applied 
on the one cro]) This is the residual effect of manure applied for 
other crops. At $20 00 a ton for hav this manure was worth almost 
«3 .00 a ton. At ])resent manure is the most economical single ferti¬ 
lizer for timothy ha>’. 

Not long since, when timothy was a good cash crop, it was i^rohtable 
to apply much, or all, of the fertilizer for the rotation on the hay. 
It is quite proViable that, with the present gloomy outlook for hay, 
this practice ma\’ well lie changed and the soil treatment applied on 
what ma>’ be considered the best one or two money crops in the 
rotation, tin the thc'ory that the best money crops in the rotation 
should have “i 3 rcferrcd” treatment It would seem that where 
potatoes or cabbage are grown much of the fertilizer, particularly the 
phosphorus, may' well be applied to them; or where wheat or other 
grains are sown, they ma\’ well receive sufficient phosiiliorus to provide 
for the succeeding hay crojis and more or less manure be applied to 
the timothy. Under present conditions, it is likely that in many 
sections this treatment will be most economical for the farmer. 

In general, farmers or extension men need to know the actual 
yields by years or period averages, the prices of fertilizers and crops, 
labor, and other legitimate charges. These data would enable one 
to recalculate for his own crops under his conditions Even so, for 
the benefit of those who cannot for lack of time, or for other reasons, 
make their own calculations, the writer urges that crop prices low 
enough to approximate “field” values and fertilizer prices such as 
paid by the farmer be used as the basis for advice to be given to him. 
It is particularly important that these points have full consideration 
during periods like the present of falling price levels on hay and grains. 
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2 . HAY CROPS 

B. PROBLEMS OF ALFALFA IN THE EAST^ 

J. F. Cox^ 

The production of alfalfa is imdergoing a remarkable shift—decreas¬ 
ing in western alfalfa growing states, and increasing phenominally 
in the “corn-belt,” Great Lakes, New England, and eastern states. 
More alfalfa is being grown in, or nearer to, the dairy and live stock 
regions, where consumption is greatest and where production costs 
must be cheapened. 

Prevailingly high freight rates since the war have prohibited 
extensive hay shipments from western hay growing sections to distant 
eastern consuming areas. Alfalfa seed has replaced the bulky hay 
crop, as the leading cash crop in many of these formerly important 

’^Paper read as a part of the symposium on “The Forage Problem” at the meet¬ 
ing of the Society held in Chicago, ill., November 12, 1923. 

*Professor of Farm Crops, Michigan Agriculttxral College, East Lansing, Mich. 
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western hay shipping districts. The stimulation of the production 
of native grown seed, particularly in the northwest, during the war 
period and since, has been followed by greater dependability and 
success in sowing alfalfa as the native seed came into common use in 
Wisconsin, Michigan, New York, Indiana, Ohio and other states in 
the eastern half of the United States. 

In answer to a brief questionnaire, agronomists of twenty of these 
eastern states (Minnesota, Wisconsin, Michigan, New York, New 
Hampshire, Vermont, Massachusetts, New Jersey, Rhode Island, 
Pennsylvania, Ohio, Indiana, Illinois, Iowa, Missouri, Kentucky, 
Maryland, North Carolina, Arkansas and West Virginia) reported a 
total alfalfa acreage of 1,295,000 acTes in 1919 and 1,927,000 acres 
in 1923—an increase of 632,000 or approximately 50%, during a four 
year period. These same agronomists, rci)orting for their individual 
states, estimate that under present economic conditions the alfalfa 
acreage could ver\' well be expanded to a total of over 3,000,000 
acres, or two and one-half times the present acreage, without danger 
of serious over-production in eastern states. Alfalfa is possibly the 
only general crop which twenty careful agronomists would agree 
upon as being one which should be extensively increased over a wide 
area, under the conditions which now prevail. 

NEW ALFALFA PROBLEMS 

With the great eastward shift in alfalfa growing, many new 
problems are presented for solution. 

Seed 

The seed supply is without doubt the most important. Only 
a few stations report extensive and carefully handled plat tests of 
seed from the many sources now supplying the market. Grimm 
alfalfa has been shown to be superior in Minnesota, Wisconsin, 
Michigan, Ontario, northern Indiana, and northern Iowa,--but just 
where is the southern-most line located, beyond which northwestern 
grown common alfalfa is equally hardy or more profitable than 
Grimm 

Tests in ‘"corn-belt” and northern states show that native grown 
seed of both the Grimm and common varieties, from Utah, Idaho, 
Montana, the Dakotas, and Kansas, is dependable, and that seed from 
Arizona, southern California, and Peru is worthless in these districts. 
What of the seven and one-half million pounds of plump, clean, attrac¬ 
tive Argentinian seed imported into the United States in 1923 and 
offered for general sale, much of it in the above territory ^ How will 
it yield in the northern and central states, and what is its real 
range of adaptation? 
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Michigan tests, for one year with Argentinian seed and of longer 
duration with seed from other South American countries, apparently 
show that' this South American seed is not adapted. Chilean seed 
is also being offered for sale in Michigan (and, without doubt, in 
other states) at cheaper prices than prevail for native adapted seed. 
South American seed is another new development on the American 
market. 

The unadaptability, in northern and *'com-belC' states, of Turke¬ 
stan, Mediterranean and Arabian seed has been fairly well shown; 
but there is still much to be done by individual state experiment 
stations in testing out the productivity of the seed supplies on the 
general market, and furnishing farmers with definite knowledge as 
to reliable seed and dependable sources of supply. To bu>^ just 
“alfalfa seed“ on the present open market may be compared to buying 
“a pig in a poke.” 

Farmers coop'erative alfalfa seed growers' organizations in Idaho, 
Utah, and in North and South Dakota, and cooperative seed dis¬ 
tributing organizations in Michigan, New York, Pennsylvania, Ohio, 
Indiana, Virginia, and the New England states, have made rapid 
advancement in the securing for sale of alfalfa seed of known and 
guaranteed source of production and variety. These organizations, 
and commercial seed companies following similar policies in selling 
alfalfa seed, have been a great influence in placing alfalfa growing on 
a safer basis. They are, however, in constant need of careful field 
tests of seed of various varieties of alfalfa, produced in many localities, 
to aid them in their efforts properly to guide distribution according 
to adaptation. 

The problem of the desirability of properly staining imported 
alfalfa seed to designate its source, in order to insure its distribution 
in localities where it is of known adaptation, and to keep it out of 
sections where it will result in failure, has been advanced and is 
being seriously considered. Seed of unknown origin is unsafe seed. 

The eastern production of alfalfa seed, while not yet on a large 
scale, may become an important factor in stabilizing the alfalfa crop in 
eastern states. Agronomists of Minneosta, Wisconsin, Michigan, 
Ontario, and Vermont report that alfalfa seed is being produced in 
their states. Minneosta produced 3,500 bushels, Wisconsin 2,500 
and Michigan 6,500 bushels in 1922. The development of adapted 
strains, which will produce seed advantageously under eastern 
conditions, may solve this great problem. Such a strain as the 
Hardigan, which has been developed by Professor F. A. Spragg at 
the Michigan Agricultural Experiment Station and is now in quite 



cox : ALFALFA IN THE EAST 


167 


extensive production, has ^iven satisfactory yields, even under the 
adverse conditions of 1923, in Michigan. The LeBeau, a variegated 
variety grown for the past thirty-seven years in Monroe County, 
Michigan, furnished 5,000 bushels of Michigan’s seed in 1922. 
The 1923 crop was \'ery .small because of adverse weather conditions. 
Only in favorable \^ears can large crops be expected, unless more is 
learned about vSeed production. Soil adaptation and fertility re¬ 
requirements, moisture, temperature, and other factors regulating 
alfalfa seed j)roduction tinder eastern conditions, furnish original and 
almost virgin fields for scientific investigation. More practical 
knowledge of when an<l how often to cm I for seed and how best to 
handle the seed cro]) is also needed. 

Liming 

Liming the land is usually necessary to secure success with alfalfa 
under eastern conditions. Improvements in methods of determining 
the lime requirement of soils in the field will undoubtedly increase 
the use of lime for alfalfa and aid in placing alfalfa on soils where it is 
best adapted The application of the '‘Soil Tex”* method has been 
of much use in the Michigan alfalfa campaigns It is noticeable 
that hardier strains, such as the Grimm and Ilardigan, often thrive 
on soils of slightly acid reaction The exact acidity tolerance, or 
calcium and magnesium deficienc\' tolerance, of various strains of 
alfalfa offers a nice problem. 

VXKIKIAL AiMPIAHILITV 

Without doubt, certain varieties of alfalfa are better ada]ited than 
others for ]ilanting on heavy, poorly drained soils. The Cirimm, 
Hardigan and LeBeau have given noticeably better results than 
common alfalfa under such conditions in Michigan. The jiroblem 
of special alfalfas for different soil types has received but little 
attention. 

1n(K'CLATION 

Methods of inoculating soils for alfalfa have been greath' improved 
and the establishment of bacteriological laboratories (state and pri¬ 
vately owned) for the distribution of reliable cultures has been a great 
aid in iUvSuring crop success. There are, however, many bacterio¬ 
logical problems yet to be solved: such, for example, as the length 
of time soils will remain inoculated with the proper bacteria for 
alfalfa; the conditions where inoculation is advisable and where 

*A convenient method for determininjj; the approximate lime reqxiirement in 
the field, developed by C. H. Sjmrway, of the SoiLj^Department, Michigan 
Agricultural College, in 1922. 
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unnecessary; and the effect of soil acidity and other soil conditions 
on Pseudomoas radicicola in causing nodu,les on alfalfa roots. 

Insect Pests and Diseases 

A crop as succulent as alfalfa is likely to be affected by a host of 
insect pests and plant diseases. The alfalfa nematode, hitherto 
confined to the west, has recently appeared in New Jersey and may 
possibly appear in other eastern states. Extensive yellowing of 
fields associated with leafhopper injury, occurred in Michigan in 
1922 and 1923, and may become a factor in causing large losses. With¬ 
out doubt the crop will present many new problems for entomologists 
and plant pathologists, as the acreage increases. 

Cutting for Hay 

Recent work at the Kansas and Wisconsin Experiment vStations 
indicates that the common ideas in regard to the proper time and 
frequency for cutting alfalfa for hay may not be soundly based, and 
that possibly many alfalfa growers have been cutting at too early a 
date and too frequently for the good of the crop. There is still 
considerable variance in methods of curing and handling the crop, 
even under similar conditions, and hence opportunity for careful 
investigation. 

Alfalfa for Pasturage 

The New England states, and Virginia, West Virginia and Mary¬ 
land report a great increase in the use of alfalfa in pasture and meadow 
mixtures. Michigan, Indiana and Wisconsin report a much more 
extensive use of alfalfa in pasturing dairy stock, hogs and sheep. 
The value of alfalfa as a pasture crop is becoming better understood. 
However, little has been done in the way of comparisons of alfalfa 
with other legumes, and with pasture grasses, for pasture purposes. 
An extensive field for investigation is presented to those who are 
interested in determining the place of alfalfa in meadow mixtures and 
when used for pasture purposes. 

The Economics of the Alfalfa Crop 

Farm management studies have shown that alfalfa ranks as one 
of the most profitable of the field crops which are now being grown 
as a feed crop or as a cash crop. Farms on which alfalfa is grown 
show much greater profits than those on which alfalfa is not included 
in the cropping system. There is need for more work on the part of 
economists and fai:m management specialists in showing the real value 
of this crop to the individual farmer and to the community, and its 
place in the cropping system. 

Enough is now known about the handling of alfalfa to insure 
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dependable results throuj^hout the northern two-thirds of the eastern 
half of the United StatCvS. Farmers who buy adapted seed and plant 
on a well-prepared, properly firmed seedbed, at the ri^ht depth and 
at the proper season, liming, manuring and fertilizing where necessary, 
may count alfalfa as one of the most dependable hay crops. 

While many experimental problems still present themelves, the big 
problem of growing alfalfa ])rofitably has been solved and the present 
task before agronomists is largely an extension problem. It is 
incumbent uf)on them properly to encourage this crop in all those 
regions where it gives better results than other leguminous hay and 
pasture crops. 'Phere is place for some of the old-time fervor of 
Joe Wing, the great alfalfa evangelist, in modern movements to 
promote the increase in alfalfa growing With added experience 
and a more adequate seed supply, the rapid ex])ansion in alfalfa 
acreage, even to two and one-half times the present eastern acreage, 
which agronomists think advisable, is fully warranted 

2. HAY CROPS 

C. THE GROWTH OF ALFALFA WITH VARIOUS CUTTING 

TREATMENTS' 

L. F. Graber*^ 

The responses of alfalfa t(^ \'arious cutting treatments are far more 
pronounced than was formerly appreciated. The yields are not onh^ 
vitally influenced, hut the longevity of the plants and their vigor and 
hardiness, are greath' affected by the frequency of cutting at various 
periods of growth. 

At the Kansas experiment station, a trial for eight years has shown 
greater yields from four cuttings taken annually in the full bloom 
stage than from five and six taken just before blooming began At 
the Wisconsin station, in a three year trial with three varieties 
(Grimm, Imported I'urkestan, and Kansas C'ommon), two annual 
cuttings, taken when the alfalfa was in full bloom, have yielded over 
a ton more of cured weed-free hay per acre than three annual cuttings 
taken on and before the plots were in tenth bloom. 

In both Kansas and Wisconsin trials, the more frequent cuttings 
at early stages of growth compared with less frequent cutting at more 
mature stages have resulted in (i) a gradual thinning of the stand; 

Published by permission of the l>ireclor of the Wiseonsm Agricultural Experi¬ 
ment Station. Paper read as a part of the .symposium on “The Forage Problem” 
at the meeting of the Society held in Chicago, Ill., November 12, 1923. 

^Professor of Agronomy. Wisconsin College of Agriculture, Madison, W^is. 
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(2) a reduction of the vigor of growth, and (3) heavy encroachments 
of weeds and grasses. 

From the practical standpoint, the greater yields from the more 
mature alfalfa has the additional advantage of reduced labor costs 
occasioned by a lessened number of cuttings. In a northern state 
like Wisconsin, the later cutting of the first crop is of importance in 
escaping the usually rainy period of the fore part of June. To offset 
these advantages, the coarser quality of hay is a factor to be consider¬ 
ed. The Kansas station has found that hay cut at the full bloom 
stage contained 15.4% protein compared with 16.5% and 17.5% 
protein for the tenth-bloom and bud stages. Accepting these figures, 
or accepting the analyses in Henry & Morrison’s “Feeds and Feed¬ 
ing,” the yields per acre of protein, or digestible protein, or total 
digestible nutrients, is considerably higher for the full bloom cuttings 
in Wisconsin. There are times w'hen the first crop, especially of older 
stands, may gro^v so rank and coarse that earlier cuttings may be 
essential, even though it may prove somewhat injurious to succeeding 
growths Generally, however, the first crop of a one-year old seeding 
or the second crop of alfalfa of any age can be ait in the full bloom 
stage without serious impaiiTnent of quality. Where alfalfa is grown 
in short rotations, as is not entirely uncommon on the smaller farms 
in the dairy districts, permanence is not desired and three and 
sometimes four cuttings annually, at early stages of growth, may be 
advisable For permanence, winter resistance and largest >delds, 
however, cutting near or in the full bloom stage is becoming more 
and more an accepted practice. 

CLipriNC. Crown Shoots of Aj.falfa Not rN7i’Rioi.s 

For many years, the time for cutting of alfalfa has been based on 
the appearance of the new crown growths or shoots of the wSucceeding 
crop. This has generally meant early cutting It was formerly 
held that clipping these shoots, as a result of delayed cutting, was 
injurious to the alfalfa. This has not been true either in the Kansas 
or Wisconsin trials. At Wisconsin, the most vigorous, the thickest 
and most winter-resistant j)lots at the close of the third years’ trial 
are the series which were cnit twice annually in the full bloom and 
seed pod stages when many of the crown shoots were from two to eight 
inches in height before cutting was begun. 

Possible Expl.\nations 

Just why earK\ cutting for a period of years is injurious to the 
growth and stand of alfalfa is a problem which is by no means 
solved, but one which offers a splendid opportunity for agronomic 
research and many practical a])pIications of the findings. 
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Waters,^ in a five year trial with timothy, found “that early cutting 
thins the stand and that this thinning can be avoided by allowing 
plants to mature.” This work was done more than twenty years 
ago, yet the same general resx)onse prevailed with timothy that has 
more recently been found in tnitting trials with alfalfa. 

The writer will make no attempt at a complete explanation other 
than to venture a working hy])othesis which has been formulated as a 
result of experiments that are being carried on jointly with the 
Dei)artment of Applied Botany of the University of Wivsconsin, 
and the results of many investigations in the past with various 
horticultural crops Such ex])eriments indicate the great impor¬ 
tance of stored food materials in relation to the ^imount and 
type of gro\vTh which can be made by the plant. With a fleshy-rooted 
perennial plant like alfalfa, it appears reasonable to suppose that 
these reserves arc largely stored in the root and crown. In the earl>^ 
period of top growth, much of this reserv^e is utilized in “structural” 
develo]3ment or in building the “frame work” of the stems and 
leaves, before such structures are able to manufacture sufficient food 
material for their continued development. As is well known, healthy 
roots of alfalfa trans])lanted into ])ure ({uartz sand and placed in a 
dark room at growing temjieratures will produce whitish stem and 
leaf growths of eight to sixteen or more inches. The growths are a 
result of the trail sloe‘at ion and metabolism of a ])art of the reserves. 

Jn the field growth, it is most likely that something similar to this 
occurs. The root res(.Tves are utilized for building material and to 
some extent as a source of energy until the ])lant becomes sufficiently 
developed not onl\^ to manufacture its own food requirements for 
growth but gradually to produce food in excess of its immediate needs. 
It is then when root storage probabh' begins. It is not possible to 
state the exact time or stage of growth in alfalfa when this occurs, for 
this may vary wideh' under different environmental conditions 
Ordinaril>', with alfalfa one >'ear old or older, it appears, from tests 
made so far, that when blooming starts the plant has reached a stage 
where it is producing food in excess of its present needs and storage 
for future growth is begun. A marked acceleration in root storage 
probably occurs with the gradual approach of maturit\’, for the 
blooming period is tisualh' one of great activity in the elaboration of 
plant food. This is illustrated by experiments showing that from 
the flow^er bud stage to full bloom-- a period of about three weeks-- 
alfalfa will often double its dry weight. Since root storage is probably 

Waters, H. J. Studies of the timothy plant, Parts i and 2 , Mo A^r. 
Expt. Sta. Res. Buis. 19 and 20, 191 «5. 
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not well advanced at the beginning of this period and since root 
reserves are rapidly utilized in the early vegetative stages of the plant's 
growth, it is obvious that with alfalfa cut veiy^ early and very fre¬ 
quently, there will follpw a gradual exhaustion of the reserve materi¬ 
als. This may cause a marked reduction in the vigor of the succeed¬ 
ing growths or actual death of some of the plants. In fact, four 
cuttings at very early vegetative stages with two-year old Grimm 
and Turkestan alfalfa at Wisconsin, in iq2i, caused almost a complete 
loss of stand and a yield of only i i tons of hay an acre, as compared 
with no reduction in stand and a yield of 4.3 tons an acre for two 
cuttings in the full bloom stage. What transpired here in one growing 
season is more gradually occurring in the cutting stages of the bud, 
tenth bloom, full bloom and seed pod plots. 

Physical evidence of root exhaustion is quite clear from root 
measurements made at Wisconsin, where it has been found that the 
plants receiving exhaustive cutting treatments have roots only about 
half the size and weight of those which have been cat less frequently 
in mature stages. Investigations are now imder wa\^ which give 
promise of more definite information as to the chemical nature of 
these root reserves. 

Should the above assumptions hold true, the lessened vigor, 
diminution of stand, and consequent lower yields from earh' and 
frequent cutting of alfalfa may be explained in j)art as follows. 

1. Lack of sufficient root reserves for normal growth or an ex¬ 
haustion of the reserves sufficient to cause actual death of the plants 

2. Lessened absorbtive capacity of plants of the elements of soil 
fertility. 

3. C.ompetition from encroaching weeds and grass growths due 
to lessened vigor of plants and thinning of stand. 

4 Greater susceptibility to winter-killing of plants with low food 
storage 

The clear cut responses of alfalfa to various cutting treatments 
make this plant yery valuable as a medium for initial investigations 
on root reserves. Undoubtedly there are other perennial plants 
where similar responses might obtain and with similar practical 
applications. A better understanding of the chemical and biological 
nature of root reserves, their utilization and deposition, may well 
prove significant in the improvement of some of our field practices, 
such as the proper maintenance of our hay crops, pastures and lawns, 
the eradication of certain weeds, and the solution of many of our 
winter-killing difficulties. 



2. HAY CROPS 


D. LEGUMES FOR ACID SOILS' 

Chas. F. Leach^ 

I consider this opportunity to address you as the greatest honor 
of my life. I fully realize that every program should contain a 
comedy number and yet, while my paper may be amusing, I hope 
you will also find it interesting 

I am much embarrassed; not by the overwhelming erudition here 
assembled but l:)ecause I do not speak your language and I fear you 
may misunderstand some of the words I will use. I'herefore, to 
make my meaning perfectly clear, 1 ask the privilege of defining some 
words and expressions that I think do not always mean the same 
thing to all men. 

1 will speak of acid soils; by which 1 mean any soil that will not 
efferv'esce when hydrochloric acid is added and I do not mean soils 
that are sour because air has been excluded by j^oor drainage or 
otherwise In other words, in s])eaking of acid soils 1 mean all 
well drained soils deficient in lime; most of which are really neutral. 

I will speak of poor soils and worn out soils, because they are handy 
terms and not because I believe that, broadly si)eaking, there are 
any such things as ])oor or woni out soils in America. This belief is 
the product of m>' ex]jeriences on many of the so-called unproductive 
soils of the eastem part of the United States, and such of you as 
have never farmed in the Coastal Plains do not know anything about 
poor soil. 

Professor Whitney has long since shown that all of our soils contain 
sufficient mineral plant food to last for many generations and I 
believe that 1 have amply demonstrated on Cherokee Farms that 
there are many valuable, but little known, deep-rooted plants that 
have the power to find and use and make available to the shallow 
rooted plants enough plant food to produce profitable crops until 
old (labriel blows his trumpet. Professor Whitney found all soils 
equally fertile; what I want to tell you is that all soils are equally 
productive. 

If it is the object of this symposium to stimulate discussion, I 
fancy I have contributed my share in that last statement. 

I will speak of the acid-soil legumes. In doing so, 1 will mean all 

'Paper read as a part of the symposium on “The Forage Problem” at the 
meeting of the Society held in Chicago, ill., November I2, 1923. 

^Manager of Cherokee Farms, Monticello, Florida. 
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legumes known to me except alfalfa, sweet clover and red clover. 
At the same time, I want it understood that I know that alfalfa, sweet 
clover and red clover will grow and flourish on some compact and nat¬ 
urally well drained soils that are distinctly acid without the addition of 
a pound of lime. In fact all of these legumes are now growing on 
Cherokee Farms where the soil has not contained a trace of lime sinc'e 
1857. I make this startling statement on the highest scientific 
authority which you will find in a bulletin written by one of your 
most distinguivshed members. That bulletin was first published 
many years ago and republished in igao.** As far as I know, the 
statements in that bulletin have never been challenged and it was 
sent to me this summer l.)y its distinguished author as the last word 
on the subject of lime. 

As I see it, a great mistake has been made in consideritig the U)]j) 
six or seven inches of the land as the soil. That is only the crust, 
the real pie is far below, and most of the legumes and indeed a 
majority of cultivated plants get their food far below the ('rust 
The soil below the crust contains practically inexhaustible stores of 
plant focxl and, except where solid rock or water lies too ckxse to the 
surface, these inexhaustible stores of plant food, can be used and are 
used by man}’ deep-rooted legumes, grasses and ])lantswhich in dying, 
or when their tops decay, add this subterranean plant food to the 
top soil and thereby make it available to the shallow^-rcxjted plants. 
Nature devised this method of renewing the ])roductive ca]jacity of 
the top soil many years before Professor Leibig disc(wered the 
‘‘French chef" method of supplying plant food artificially. 'Fhe 
French chef, when given a large number of ingredients, brought from 
the four corners of the earth, can prepare some very tasty dishes; 
but the good wdfe of a common bread-and-butter farmer can set 
before you a more wholesome and satisfying meal made from things 
raised right on the farm. 

The power of legumes to take nitrogen from the air has been the 
great outstanding value ascribed to them. I think it has been greatly 
overemphasized. As most legumes are deep-rooted [)lants and have 
great feeding powers, I am persuaded that theirmost valuable function 
is to gather from the subsoil; digest and deposit on the surface all 
of the minerals, including lime. 

Many theories about the planting and culture of legumes have 
been universally accepted which never had any foundation in fact. 
One of the most harmful of these theories, because it has deterred 
thousands of farmers from planting legumes of any kind, is the 
’Truog, E. Testing soils for acidity. Wis. Agr. Expt. Sta. Bui. 312, iq2o. 
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statement, found in all bulletins, books and articles on the subject, 
that sunlight is fatal to legume bacteria. Prof. Albrecht has shown 
beyond question that this is not true in the case of soy beans and red 
clover and long since I found that alsike, red, white, crimson, sweet and 
bur clovers, black medic and vetch can be inoculated and sowed right 
on our close-cropped Bermuda grass pastures, or on top of plowed 
land, and lie there exposed for months to the brightest sunlightwithout 
affecting the bacteria. 

Another theory which is universally accepted as proved and settled, 
is that the Ijacteria peculiar to the Medicago family of legumes 
cannot live in an acid soil; yet it has long been known that bur 
clover thrives in an acid vsoil with its mass of roots covered with 
nodules and that black medic grows wild, in a(*id soils, from the 
Gulf to the Great Lakes. Professor Stokes of the Fkjrida station, 
has found that Hubam clover grows quite as well in the lime-de¬ 
ficient and acid soils of central Florida as it does in the same soil when 
heavily limed. Annual and biennial white sweet clover are now 
growing r)n Cherokee Farms and alfalfa, two years old, is growing 
there vigorously, in soil distinctly acid. 

The truth is that these bacteria are not “Calciphiles” and don’t 
care a hoot whether the soil is acid or alkaline. The fact that some 
of the legumes on which these bacteria feed do not thrive in some 
soils that arc acid has been well established, and it has been assumed 
that the ordinary organic acids inhibit their growth. My own 
observation leads me to believe that Whitney’s theory of toxic 
organic matter dcvserves more consid^eration than has been given to it. 
It ma}^ be quite [)ossible that toxic organic matter may remain inert 
or slowly soluble until some croj), like green rye, cowpeas, beggarweed, 
peanuts, vetch or serradella, turned under furnished the necessary 
catalyst. Certain it is these crops (when well ch()])ped up and 
turned under green), do work a transformation in un])roductive soils, 
but often they do not show any benefit to succeeding crops when 
turned under ripe and dry. 

Pieters has shown, in his valuable paper on “Green Manuring,” 
that, on some soils, green r\ e turned under produces a larger increase 
in succeeding crops than any legume with which it was compared. 
But I have found that beggarweed not only grows and thrives on 
soil where neither rye, cowpeas or any other crop, including weeds, 
could grow, and when turned under makes that soil produce heavy 
crops that just faded away before the beggarweed was grown. Yet 
beggarweed contains nearly as much mineral matter and eighty 
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percent more phosphorous than alfalfa, when grown on this appar¬ 
ently barren and unproductive soil. 

Another theory that is just now very popular is that the amount 
of mineral matter, especially lime, contained in forage plants depends 
on the amount of those minerals in the soil in which they grow. 
The types of soils on Cherokee Farms are classed as lower in lime, 
phosphorous and potash than are any generally cultivated soil types 
in the United States; yet we grow heavy crops of Kudzu, beggarweed, 
serradella, velvet beans, cowpeas, vetch, crimson clover, peanuts, 
bur clover and black medic, without adding a pound of lime to the 
soil; and half our land has never known fertilizer of any kind. 
As shown in the accompanying Table, peanut hay, black medic, 
cowpeas and crimson clover contain more ]jhosphorous and lime than 
alfalfa or sweet clover. Beggarweed contains eighty percent more 
phosphoric acid and nearly as much lime as alfalfa; and serradella 
contains nearly twice as much mineral matter, exclusive of potash, 
as alfalfa. White clover contains more phosphorous and as much 


lime as red clover; 
and more lime. 

and alsike nearly twice 

as much phosphoric acid 

Table i -Pounds of mineral:^ {exclusive of potash) %n 1000 pounds of hay.>^ 

Other 

Phos- minerals Soil 


Ash 

phoric except 
acid potash, 
mostly lime 

adaptation 

Bermuda grass 

75 

4.0 

50.4 

Poor acid soil 

Kentuck)^ blue grass 

75 

5.4 

48.0 

Calciphile 

Crab grass 

80 

9.0 

40.1 

Acid .soil 

Timothy 

49 

3 .J 

33-3 


Serradella 

123 

10.3 

97.6 

Poor acid soil 

Black Medic 

109 

5.7 

95-2 

<1 44 44 

Peanuts (hay only) , 

90 

b .3 

59.7 

Calcifuge 

Alfalfa . . 

86 

5.4 

57.3 

Calciphile 

Sweet clover (white) 

72 

6.6 

52.8 

Red clover 

71 

3-9 

50.8 

“ 

Alsike Clover 

. . «3 

7.0 

58.6 

Acid .soil 

Crimson ('lover 

88 

6.1 

59-8 

“ “ 

White clover 

80 

5-2 

54-8 

“ “ 

Cowjjeas 

no 

9.6 

59-1 

Calcifuge 

Soy beans 

86 

6.8 

55.9 

Acid soil 

Beeearweed 

8 d 

Q.d 

4 . 6.7 

Calcifuce 

aAdapted from data 

in Henry and Morrison's 

Feeds and Feeding.” 


The wonderful ability of Kentucky bluegrass to produce bone in 
the livestock pastured on it has been ascribed to the fact that it 
grows on a limestone soil, and it is cited as the outstanding and his¬ 
torical example of the benefits conferred on livestock by lime in a 
forage plant. Yet Bermuda grass, growing on soil containing less 
lime and phosphorous than any arable land in the United States, 
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contains more lime than Kentucky bluegrass; and poor old crab 
grass contains sixty percent more phosphorous. Crab grass and 
Bermuda grass thrive so well on Norfolk and Orangeburg soils that 
they often become a pest; yet these soils, which predominate in the 
Coastal Plains and the cotton belt, contain but 520 pounds per acre- 
foot of phosphorous and 1400 to t8oo pounds of calcium as against 
nearly 4000 pounds of ])hosphorous and 44,000 pounds of lime in the 
Hagerstowai cla>'. 

What I mean to sav is that the idea that the amount of mineral 
matter in all forage plants is controlled by the amount of minerals 
in the soil is a pure myth; and that it is necessary to add vast quan¬ 
tities of lime and phosphorous to a soil to gi*ow^ forage that will furnish 
the necessary minerals to livestock is a delusion. It is possible that 
that statement may cause some discussion and again it is possible it 
will appear to you too ridiculous to warrant comment 

Lime and fertilizers may be a short cut to the raising of some 
legumes and increasing temporarily the productiveness of some soils; 
but the expericnc'e of the past thirty years, the declining crop yields 
and the present condition of agriculture indicates that the lime, 
legumes and phosphate theorA^ of jiermanent soil fertility has not as 
yet, for some reason, accomplished its purpose. 

One of the greatest of the poor land, acid-soil legumes is the 
velvet bean Its greatest value is the finiit it bears, but it has an 
almost equal value as a soil improver, for it grows on very poor, 
acid soils and it is not benefitted by lime or fertilizer Years ago, 
Dr. Piper rendered to the entire south a very great service by 
promoting the production of earlier and better varieties of velvet 
beans; and recently Professor Morse has realh^ given vast potential 
wealth to his country by developing the Arlington bean, which will 
grow on poor soil anywhere that dent corn will mature 1 said “poor 
soil” advisedly, for the velvet bean, the peanut, beggarweed, serradella 
and Kudzu are essentialh^ poor-land crops. The velvet bean, peanuts 
and beggarweed will not produce their fruit, or at least mature it, on 
land rich in nitrogen. 

The Arlington bean is well worth your careful study, for I believe 
that on many soils in the North it will be found much more valuable 
than the now popular soybean. And the Spanish peanut, when grown 
with beggarweed on poor, friable soils, produces a combination forage 
and feed crop of greater value than soybeans, and because of their 
deep tap roots and immunity to organic poisons they arc more valuable 
as soil-builders and soil-renovators. 

I do not expect the distinguished educators here assembled to take 
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this paper ver\^ seriously,- I am a very ignorant man when 

judged by your standards, and I know I have been presumptuous to 
invade your field of labor. T thank you for your courtesy and for- 
bearance with my vagaries. 


2. HAY CROPS 

E. CLOVER PROBLEMS' 

A. J. PlETERS“ 

Rf.1) Clover as a General Farm Crop 

A discussion of the problems connected with the culture of as old 
a crop as red clover presupposes: first, that the crop is one of im¬ 
portance, for if it were not the problems would not be of sufficient 
interest to w^arrant a discussion at this time; and second, that the 
culture of the crop is being attended with certain difficulties or that 
the crop is not being grown as widely as its general characteristics 
would seem to warrant. 

Red clover is unique in being by far the best dual-])urpose rotation 
crop known toda\'. It is one of the standard hay crops of the 
northeastern part of the United States, its comjietitor and com¬ 
panion being timothy. Alone or in combination these two crops 
yield upw^ards of ninety percent of all the ha>' produc'ed in the 
territory" east of the western boundaries of Minnesota, Iowa and 
Missouri, and north of the southern boundaries of Missouri, Tennessee 
and North Carolina^ 

As a hay crop red clover does not, of c'ourse, take the high place 
occupied by alfalfa which is in a class by itself. With the exception 
of alfalfa, however, red clover has perhaps no successful competitor 
as a valuable protein-producing hay crop and in addition red clover 
possesses value as a rotation crop 

Red clover is of special importance in maintaining the productivity 
of the soil. As a hay crop it might be successfully rejilaced by 
various other legumes, especially .soybeans, but as a combined ha}' 
and soil-improving crop soybeans can not pretend to rival red clover. 
Red clover has about thirt}' percent of its organic matter under 
ground, .soybeans only ten percent; if .soybeans, or any other annual 
legume for that matter, are exit for hay and the crop removed, the 
soil will be poorer in nitrogen than it was before the crop was grown. 

* Summary of discussion pre.sented as part of the symposium on “The Forage 
Problem" at the meeting of the Society held in Chicago, Ill., November 12, 192.^. 

^Agronomist, Forage Crop Investigations, Bureau of Plant Industry, U. S. 
Department of Agriculture, Washington, D. C. 
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Brown of Iowa has shown that a crop of red clover often takes more 
nitroj^en from the atmosphere than is removed in a hay crop. A 
successful crop of red clover yields not only a hay crop but also a 
considerable amount of second j::jrowth, which can be utilized for 
grazing, for green manure, for a seed cro]), or for additional hay, as 
the circumstances may seem to indicate. 

Clovkr Cci.rnKE Dkckeasinci 

During the period between the census of igoo and igio, the 
acreage devoted to red clover alone in the northeastern (quarter of 
the United States declined b}* ap])roximately forty-two percent; 
this decline was, of course, much larger in some sections than in 
others, but that figure was about the average. During the period 
between 1910 and 1920, there was an increase in acreage of clover, 
but the ]XT('entage of increase during the second decade did not equal 
the percentage of decrease during the first, so that in 1919 the acreage 
of red clover was still considerably below that of 1899, while the 
acreage of cereals in such areas as the east north Central States, and 
in Minnesota, Iowa and Missouri, had slightly increased. 

The fact that the acreage of red clover has decreased can also be 
brought out by a study of the ])roduct]on of red clover hay as com¬ 
pared with that of all tame hay as given by the census of icjoo, 1910 
and 1920. 

Table i. -Shoimng the percentage of the acreage in all tame hay that was tn clover 
alone in iSqo, iqoq, iqiq. 



i «99 

1909 

1919 


Tk'rcent 

Percent 

Percent 

No>v England 

0.47 

0.43 

0.76 

Middle Atlantic 

5 30 

1 9« 

2 69 

Delaware, Maryland, Virginia, West 
Virginia 

13.67 

5 

H.33 

Kentucky, Tcnnessoc 

21 38 

14 90 

14.66 

Eastern North Central 

17.68 

8 78 

10.45 

Minnesota, Iowa, Missouri 

7 16 


7.43 


It will be observed that only in the New England States, wdiere the 
proportion of red clover is very small anyw^ay, and in the extreme 
western })art of the area under consideration, has the relative ])ropor- 
tion of red clover been maintained; in all other sections the percentage 
of tame hay that consisted of red clover w^as much smaller in 1919 
than it was in 1899. 

The question as to what percentage of cultivated land should be 
in legumes is often referred to in experiment station literature. 
There is no way to give an exact answ'er to this; but if it is assumed 
that the standard rotation in the northeastern part of the United 
States is a four-year rotation of corn, oats, wheat, and clover, then 
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it is evident that on the average about twenty-five percent of our 
cultivated lands should be in clover. The workers at both the 
Illinois and Michigan stations have expressed the view that one- 
fourth of cultivated land should be in legumes each year. However, 
it must be borne in mind that all legumes will not accomplish the 
same result in maintaining soil productivity. It is interesting to 
note in this connection the area which is actually in clover. Table 2 
shows the percentage of the acreage in all harvested crops planted to 
timothy and clover and to clover alone, according to the census of 


1019. 

Tabll 2. -Showing percenUige of acreage in all harvested crops that was tn ttmothy 
and clover and in clover alone in iqjq. 


States 


New England . , 

Middle Atlantic 

Delaware, Maryland, Virginia, West 
Virginia . . 

Kentucky, Tennessee 
Eastern North Central 
Minnesota, Jowa, Missouri 


Timothy 

Clover 

Clover and 
onc-half 

and 

alone 

timothy 

clover 


and clover 

Percent 

Percent 

acreage 

Percent 

39.00 

0.52 

20.20 

26.00 

1.10 

14.10 

8 (M) 

1 .35 

5.5.S 

3 * 1 3 

2.30 

3.86 


2.00 

6.75 

6.20 

97 

4.07 


If one-half of the timothy and clover percentage be added to that 
of clover alone, on the theory that in the average mixed field red 
clover will be the preponderating crop during the first year, and tim¬ 
othy during the third year with a fairly even distribution of both 
during the second year, it will be seen that nowhere, except in the 
New England and Middle North Atlantic States, does the proportion 
of acreage of all harvested crops which is in clover equal seven ])er- 
cent. This falls very far short of the twenty-five percent which is 
theoretically desirable. 

It has been shown that clover is an important crop and that there 
is something wrong with it. What is wrong " The work of the 
experiment stations in the northeastern part of the United States 
has shown conclusively that in a majority of cases as good crops 
of clover as were ever raised can be grown, if the farmer will use 
lime or phosphate or, in occasional instances, potash in order to make 
the soil suitable for clover. From this standpoint, the problem is 
no different from that facing the grower of any other crop. If the 
soil does not contain the necessary elements, or if it is in an unsuitable 
physical condition, the clover will not thrive, but will either die 
outright at some stage of its existence or will make an unsatisfactory 
growth. It would seem that this aspect of the problem does not 
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require much more detailed experimental work to establish the 
general proposition that, over most of the area in question, lime 
and phosphate, alone, or in combination, will solve most of the 
difficulties with clover, just which one is necessary, or just what 
combination will be best, is a local question to be determined by the 
farmer with the help and advice of the coimty agents, the extension 
service and experiment stations 

Ai)\j»tabilitv of SEb:r> 

Another ])hase of the matter which has come to notice, especially 
in recent years, is the effect of using seed of adapted or non-adapted 
strains of red clovtT. Some twenty years ago, a series of tests was 
inaugurated by the U. S r 3 epartment of Agriculture to study the 
value of different strains of clover, but owing to a change of personnel 
these studies wen^ not carried far. However, they were taken up 
again in 1016. Although intcrru])ted by the war, this work has been 
carried on more or less steadily since 1916 From these studies, it 
has become ]jerfectly clear that some seed, which is im];)orted in 
considerable quantities, will jiroduce satisfactory^ stands during the 
summer, but that all jjlants of these stands will probably disappear 
before the following spring. 1'he seed from Italy has been found to 
produce plants which arc not reliably hard\' in the (‘older sections 
of the Ohio and Great Lakes area. This statement does nc^t mean 
that the stand will always be entirely devStroyed, although this has 
frequenth’ proved to be the case, but that in every’ case the use of 
this seed is risky. With the single exception of the 1922 and 1923 
trials at the Pennsylvania station, there has been more or less loss 
of stands on the plots on which Italian seed was used, in every 
cooperative trial and in every year while this work has been going on. 

The Disease Factok 

The disease factor is closely associated with the question of strain. 
In using the term disease factor, reference is made especially to the an- 
thracnose caused b\' Colletotricum trifolii, which, as is well known, 
has been so disastrous to clover culture in Tennessee and which was 
studied especially by Bain and Essar>\ This disease has been quite 
serious on the clover plots at the Arlington Farm, where the disease 
destroyed nearly or quite 100% of the stand on the plots sown to 
Italian and German seed, and made very’ heavy inroads on the stand 
of the plots sown to Bohemian, English, French, and Polish seed. 
Plots seeded to Chilean seed also suifered, but not nearly as much 
as the other plots. Plots seeded to Oregon seed lost more than 90% 
of the stand, and plots seeded to Idaho and Minnesota seed also suffered 
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to a certain extent. The only plots which showed approximately no 
injury were those seeded to the Tennessee disease-resistant strain 
and to some seed purchased in southwestern Ohio, the exact origin of 
which is not known beyond the fact, that it was Ohio grown. 

How far this disease referred to is responsible for the loss of stands 
of red clover is not known, but there is considerable evidence 'to 
indicate that this factor is much more important in the states south 
of the Ohio than has been suspected. Whatever the facts may be in 
this regard, it is quite evident that there is a considerable difference 
in susceptibility between various strains, and that the Italian strain 
is particularly susceptible to this <lisease. 

This problem of the proper strain of red clover is, therefore, one 
of the outstaneJing problems with which we have to deal, and it is 
hoped that those connected with the work in the U. S. Department 
of Agriculture may pursue this line of investigat ion until some definite 
and helpful solution is found. 

2. HAY CROPS 

F. SWEET CLOVER AS A HAY CROP' 

H. L. Walstkr" 

Sweet clover,*' once legislated against as a noxious weed, has now 
established itself as an agricultural crop to a greater or less extent in 
almost every state in the Union. 

'Fwo environmental conditions only seem to limit its even more 
extensive spread, nameh', lack of carbonate of lime in the soil (or of 
available calcium) and poor drainage. Even in the latter case, 
however, it seems to be able to withstand more poor drainage than 
can most legumes. Sweet clover’s sudden popularity may be at¬ 
tributed to the ability of the plant to thrive under a wide range of 
soil textural conditions, to withstand considerable concentrations of 
salts in the soil, and to withstand both drought-injury and cold-injury. 

The crop oflfers usefulness as a general forage croj), utilizable as 
hay, pasture or for soil improvement. It seems to be the concensus 
of opinion of investigators throughout the United States that the 

ipaper read as a part of the symposium on “The Forage Problem” at the 
meeting of the Society held in Chicago, Ill., November 12, 1923. 

‘Agronomist, North Dakota Agricultural Experiment Station, Agricultural 
College, N. D. 

‘This discussion of sweet clover is limited to a consideration of the two biennial 
species, white sweet clover {Melilotus cUba) and yellow sweet clover {MelUotus 
oJUcinalis). 
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crop has its widCvSt usefulness for soil improvement; that it is rather 
generally useful as a pasttire cro]), j)articularly for cattle, horses and 
sheep, but not well suited for hogs; and that its usefulness for hay 
is extremely limited. 

Any forage cro]), as well as any other crop for that matter, to be 
available for general use must fit into the general scheme of farm 
management. Sweet clover, ]3ossessing as it does certain weed 
characteristics, has limitations in this respect. Five habits or 
qualities of the sweet clover plant give to it the following “weed'’ 
characteristics: (i) its abundant .seeding habit; (2) its persistent 
•seeding habit, (3) its rea<lil\ shattered seed pods; (4) its hard seeds; 
and (5) its highly dormant ver\' persistent winter buds 

'Phe characteristics of the sweet clover plant which have just been 
enumerated require that due attention shall be given to the possible 
danger of the crop ai)])earing as a weed where not wanted, especially 
Avhenever seed is grown or permitted to ripen, as under pasturing. 
Ihider the climatic conditions ])n‘vailing in the Northern Great 
Plains, large quantities of organic matter that may be plowed under 
do not rcadih’ decav Neither is it ordinarih* easy to bring about the 
conqilete sprouting of all weed seeds that may be in the ground. 
Where milder, sliorter winters prevail and with a longer growing 
season, bit'nnial sweet ('lover may be seeded as early as January in 
Texas, or in Febi*uar\^ an<l March in Ohio and Indiana on a winter 
grain (to]), and after the removal of the winter grain cro]), a luxuriant 
growth of the sweet clowr will be }>roduccd, which can be utilized 
for hay lliis hav crop will be made at a time of the year when dry 
weather may ordinarily be expected. The cro]j can then be allowed 
to grow through the winter and be jilowed under early the next 
s])ring. It will have had an op]K>rtunity to make considerable 
growth the next spring before being plowed under for corn. An 
occ'asional farmer in Ohio, Indiana or Illinois has re])orted difficulty 
from the volunteering of sweet clover plowed under in its first year 
of growth, but this rarely happens. 

On the other hand, the farmer in the Northern Great Plains usually 
seeds his sweet clover in a grain crop in April or May. If the grain 
crop is rem(^)ved and a period of droughty weather ensues, the sweet 
clover makes but little gi'owTh and, if plowed under in the fall of its 
year of seeding, will almost invariably thrust sprouts from its winter 
bud through the furrow slice the next spring. The farmer may decide 
to wait unt 1 the succeeding spring to plow^ under his sweet clover. 
He will find that he has to delay his spring plowing until the sweet 
clover has made a growth of three to six inches, if he is to escape the 
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danger of volunteering sweet clover plants arising from the winter bud. 

In the Northern Great Plains states, sweet clover seems to be 
finding its greatest usefulness as a pasture crop. Even when used 
as a pasture crop, seeds mature unless extremely early fall plowing 
is resorted to in order to kill the plant before it reaches normal 
maturity. 

SwKK'i Clover as a Hay Crop 

Good ha}^ crops have certain characteristics, among which are: 
a high percentage of leaf; fine stems; a low percentage of crude 
fiber; a high percentage of protein; and a i^hysical and chemical 
makeup which permits rapid curing with the minimum of mechanical 
loss and the minimum danger of mechanical or chemical loss due to 
the exigencies of the weather. The following statements may be made 
concerning the sweet clover plant with respect to some of these 
characteristics. In the northern zones of agriculture at least the 
following objections are urged against sweet clover as a hay: (i) the 
first crop is ordinarily ready for cutting when the weather is unsettled, 
(2) the crop c?ures very slowly, the leaves dr>dng out ver\’ much faster 
than the stems with resultant loss of leaves; growth is loo rank 
and too coarse to make good hay. 

Zavitz^ has pointed out that with sweet clover the leaf makes up 
about fifty percent of the weight of the hay, these estimates being 
based on plants ranging in height from 40 to 54 inches. He calls 
special attention to a special strain called Albotrea, which has a 
somewhat larger percentage of leaf, but which tloes not appear to be 
a high-yielding strain.* Some of these leafier varieties of sweet 
clover may replace the coarser, woodier varieties now commonly 
grown, provided their yields can be brought up. Zavitz does not 
indicate the rates of seeding which were used in his trials, ft is 
evident that the rate of seeding influences the leafiness of the plants, 
particularly with such a ])lant as sweet clover. Not only will the 
rate of seeding influence the leafiness, but it will also influence the 
fineness of the stem. Observations with respect to this relation are 
badly needed. 

The high water-content of the sweet clover stem and its slow rate 
of di-ying out at)iwently make it an excellent medium for the 
growth of certain molds. During the winter of 1Q22-23, many 
cases of cattle poisoning were reported in l^innesota, North Dakota 
and Canada, which were attributed to the feeding of spoiled sweet 
clover hay. The catusal relations have not been worked out. How- 

♦Zavitz, C. A. Sweet clover as a farm crop, Ontario (Canada) Agr. Col. Bub 
283, 1921. 
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ever, the poisoning, with the resultant death, has been produced 
experimentally on cattle and other animals. During the past 
winter, the writer sent a questionnaire to some of the oldest growers 
of sweet clover in the United States in the states of Ohio and Iowa, 
and obtained from them onl}- one instance of re])ort of the death of 
cattle due to the feeding of moldy sweet clover hay. No trouble 
has been ex])crienced when the sweet clover hay fc^d has been bright 
and free from mold. 

When a late hay crop can be made from the first year’s growth of 
sweet clover, as is the practice in the northern part of the corn belt 
and further south, apj^arently a fairly good quality of hay can be 
made. Under conditions such as obtain in the Northern Great 
Plains, it is not ordinarily jKxssible to take a hay crop the first year, 
but instead the growth in the second year is relied upon. This 
growth usually comes on so fast that the ha>' crop prcxiuced is too 
coarse and stemmy When sweet clover is grown on very fertile 
soils well supplied with moisture, it is no unusual occurrence to find 
the crop four to fiA^e feet tall just as the first flower buds are beginning 
to form It is apparent, therefore, that the usual rec'ommendation 
“to cut when ('oming into bud vStage” involves the harvCvSting of 
coarse material which will (Tire slowly and at best make jxxjr ha>’^ 
In view of these facts it would a])pear that early clipping of the cro]) 
l‘)ack to a seven or eight inc'h stubble, when the jilant has reached a 
height of frem twelve to (‘ighteen inches, will provide for a renewed 
growth of finer stems and will dela\' the first ha>' cTop from three to 
four weeks, thus throwing the haying over into a period in which more 
favorable weather is likelv to ocair. Clipjiing bac'k should be to a 
high stubble in order that renewed growth from the axils <^f the 
leaves may occur. 

Yellow sweet clover (Melilotus offianalis) has somewhat finer 
stems and makes a somewhat shorter growth than white sweet 
clover. It is also earlier in the spring and matures in a shorter 
season, but dex^s not yield as well as Melilotus alba. Yellow sweet 
clover is ])referred by some farmers for ha>^ making ].)ur]joses, but it 
has not been as generally popular. Certain strains of >'ellow sweet 
clover are much more Sjireading than others; some yelkwv sweet 
clover grows as erect and as tall as any white sweet c 1 o\xt. Much 
work needs to be done in sorting out the different strains of \'ellow 
sweet clover. 

Plant breeders have as yet given little attention to this new 
forage crop. It should be possible to improve both the white and 
the vellow biennial strains in manv wavs. Certain selections of 
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white sweet clover are notably earlier, shorter, and rather lower 
yielding than the ordinary t3^pes. Grundy County, or dwarf sweet 
clover, is an example of this type of white sweet clover. 

Palatabilitv and Dkjestibtmty ok wSwEEr Clover 

The green sweet clover plant containsii large amount of coumarin. 
Much of this is rapidly liberated during the drying of the plant. 
This substance imparts t<^ the plants its peculiar bitter flavor and is 
probably the reason why many animals show varying idios\nicrasies 
in their ap])etite for the crop. In addition to this coumarin content, 
especially when the cro]) is being pastured, it must be borne in mind 
that this is a very soft feed and one on which ruminating animals 
do not readily c'hew the cud. The whole physiology of the utilization 
of sweet clover for ])asture purposes by mminating animals needs a 
general examination. Some animals when ])astured on sweet clover 
make no gains for periods as great as a month or six weeks, whereas 
other animals begin to gain almost immediately. 

When sweet clover is made into hay, some animals tend to reject 
it, altliough feeding trials have been reported where bright swe^et 
clover hay seems to have been taken to just as voraciously as bright 
alfalfa hay Digestion trials conducted with ruminants seem to 
place sweet clover hay on a par with alfalfa hay. 


3. SOME SILAGE PROBLEMS^ 

R. A. Oakley-^ 

I'he use of the silo has increased so greatly in the last decade that 
man>* valuable data on silage making have resulted from the cut and 
try experiences of farmers. Today, a study of the broad question of 
the silo in American agriculture leads directh’ to the conclusion 
that the })roblems relating to the use of the silo are chiefly plain 
economic ones rather than thOvSe of technical research. In these 
days, when the margin of profit in agrictilturid ])roducts is small 
and the chances for loss great, the farmer considers the matter of 
hired labor and cither items requiring a cash outlay with unusual 
conservatism. The filling of the silo is by no means a cheap operation. 
Muc'h labor is involved, and whether the harvesting of the silage crop 
and the cutting of the green material is done b\' machinery owned 

^PapcT read as a part of the symposium on “The Forage Problem" at the 
meeting of the vSociety held in Chicago, Ill., November 12, 1923. 

*Agronomist, Forage-crop Investigations, Bureau of Plant Industry, U. S. 
Department of Agriculture, Washington, D. C. 
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by the farmer, or by a j^roup of farmers cooperating, or is hired out¬ 
right, the cost of making silagcisaveryimportant item. 

The economic problems relating to the silo are ones that will 
require some time to solve and the solving of them will be influenced 
by local conditions and will rcvSt largely with the individual farmer. 

As viewed broadly, today, it is quite apparent that the silo is an 
important and valuable adjunct to dair>’ing, especially where dairying 
has commercial features Silage has a beneficial influence on milk 
flow. It is also quite clear th^it the silo will help appreciably in the 
keejnng of livestock on what are known as “dry-land farms,“ where 
the sup})ly of c'ured forage produced in a given }^ear is decidedly 
inadequate, and where it must be carried over from one year to 
another if livest(-)ck are to be maintained at all successfully But 
just what part it will play in beef production, or in connection with 
the raising of livestock generally, where the raising of forage is not 
an acute ])roblem, is not clear. It is ohivdous from the present 
indications that the livestock industry, unless possibh’ it be some 
intensive fonn of it, will not ])ay dividends on high priced roughage. 
Where silage falls into this (‘lass, and in man>’ castes it does fall there, 
the use of the silo will naturally be limited 

It is quite generally believed that vsilage is a cheap forage vSilage 
is a convenient feed, but not a chea]) feed While it is true that a 
relativ(‘ly small area of land will jiroduc'c a relatively large quantity 
of roughage, pro\dded c‘orn, the sorghums, or some other coarse 
growing cn^]) is raised, the diflicult\ lies in the cost of putting the 
crop into the silo Jt has been sugge.sted that labor .saving machinery 
will be developed that will c'heafien the ('ost of making sikige ^fhis 
may be j)Ossible, but tlierc is nothing yet in sight that offers promise, 
and it is c|uite jirobable that new silage machinery, .such as mechanic¬ 
al packers, even though much im]jroved from what they are at 
present, or machines to cut the material at the time of harvesting, 
will add to the cost of silage making, rather than reduce it Very 
broadly speaking, the farmer has already been over-sold on machin¬ 
ery. 

Improvements in silo construction will contribute to the popularity 
of the silo to the extent that they lessen the c'ost of construction; 
but it is not likely that the cost of constniction will ever be reduced 
materially, except as it may be reduced as a result of a general 
reduction of price levels. The develojment of the pit silo has helped, 
but has not revolutionized silo construction or the handling of forage. 
The conditions under which the pit silo can be used advantageously 
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are now quite well appreciated. Unquestionably, the pit silo will find 
a greatly enkirged field in the drier parts of the country. 

As for the broad agronomic problems, to a very great extent these 
have been reasonably well cared for. It is clear in the minds of most 
farmers that tonnage is the first consideration in the selection of a 
silage crop. Naturally, com has gained a place in the front rank 
generally where silos are UvSed. Com is an excellent silage plant. 
It has in its favor the ability to grow under a wide range of conditions, 
which makes it useful in almost every part of the country. It has 
the ability to produce a heavy tonnage of green matter and to make 
an excellent quality of very palatable silage. Com has two com¬ 
petitors as a silage crop, sorghum and sunflowers* the first, an im¬ 
portant one; the second, relatively unimportant 

In what may be referred to as the “sorghum belt,” the sorghums 
generally exceed com in tonnage yields. They make very high-grade 
silage; jirobably less valuable than com, but ver\' satisfactor}'. 
Furthermore, they remain in a suitable condition for silage-making 
for a much longer period than does com This is a distinct advantage 
Sorghums do not make as palatable silage as doe^ corn, and unless 
the rind of the stalk is split or crushed at the time of cutting, the 
short, hard pieces, one inch or more in length, are often refused by 
the animals However, this is a matter that can be corrected b\' 
using the proper kind of emitter. Feeding tests of sorghum silage 
indicate it to be nearly as nutritious as corn silage, and ex])erience of 
farmers support this conclusion. 

Sunflowers have received a f:reat deal of attention from the stand¬ 
point of their silage possibilities, but it is quite apparent now that 
they will never occupy a large field so long as corn and the sorghums 
can be grown with the vsucccss that now attends their culture In 
the wCvSt, under irrigation, under most conditions sunflowers jiroduce 
a larger tonnage than com. There are also somewhat restricted 
areas of high altitude, and limited sections in the northern part of 
the United States, where they are likewise able to produce a heavier 
yield of green matter than does com without irrigation. Butsim- 
flowers can hardly lie said to be more drought resistant than corn, 
and everything considered, they fall far short of being a highly 
desirable silage crop. Difficulty has been experienced in some localities 
in making good silaj^e from sunflowers, but this is not regarded as 
serious. Ciood sunflower silage is palatable; and Schoth*^ has found 

*ScHOTH, H. A. C'omparative values sunflower silage.s made from plants cut 
at different stages of maturity, and the effect of salt on the palatability of the 
silage. In Jour. Am. Soc. Agron. 15:438-442. 1923. 
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that its palatability can be increased by the addition of salt at the 
time of ensiliiij^. 

There are a great many crops which can be used for silage making 
if occasion requires. In fact, it has been shown conclusively that 
almost any of our common herbaceous plants, including practically 
all common weeds, can be converted into good silage if their moisture 
content is not excessive. The problem then is not what will make 
good silage, but what will make cheap silage. 

Excellent silage can be made from alfalfa. Carefully conducted, 
palatabilit\' tests show it to rank next to corn, if not quite as high 
as com, in favor with cattle. But alfalfa does not produce a sufficient 
tonnage to recommend its general use for this purpose. Sweet clover 
likewise makes good silage; less palatable, but probably quite as 
nutritious as alfalfa; but there is the same objection to it as there 
is to alfalfa. The opinion that seems to be somewhat prevalent 
that good silage cannot be made from alfalfa or vsweet clover alone 
is erroneous Excellent silage can be made from them without 
unusual care. I'his is gent*rally true of the common legumes. 
The plants should be somewhat more mature than for the best 
quality of hay before the\' are cut for silage; otherwise, the resulting 
silage is likeh’ to be too high in moisture, in other words, slimy. A 
tight silo also is highly desirableeven though not absolutely necessary. 

In cases of emergency, Russian thistle and other weeds maybe used 
for silage. However, they arc not to be recommended where reason¬ 
ably good yields of com, sorghum, or sunflowers can be obtained. 
In a very large maj()rit>' ^)f cases, weeds ])rove to be an ex])cnsive 
source of silage Mfist fanners are well aware of this fact. 

The o]jinion that the silo will help solve the hay-curing problem, 
by permitting the famier better to utilize his rain-damaged hay, has 
not much support in yiractice If wet weather comes on at the time of 
haying, ('onditions are usually such that fanners cannot get on the 
land with the necessary equipment to cut the croj) for ensiling it, 
and the cost of making silage under such conditions is beyond the 
limits of its value External moisture on green material, such as 
most ha\' plants, is inimical to the making of good silage. Little 
yiromise, therefore, is offered for the utilization of waste or wet, 
uncured hay as silage except in cases of extreme emergenc>^ 

The farmer has a yiroblem, however, in the making of silage by the 
stacking of green material in open stacks. Excellent silage is made 
this way from canning factory refuse; and, in several cases, it has been 
reported that good sweet clover silage has been made by stacking 
the freshly cut sweet clover after harvesting with the binder. In 
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this connection, investigations are necessary to work out methods 
that can be-depended upon for j>;ood results. Too frequently, hay 
or coarse green material stacked in this way molds or decomposes 
rather than ferments for good silage. 

There is still (‘onsiderable support for the recommendation that 
legumes be included with coi*n or other crops in the making of silage. 
This is a point that the farmer will have to solve ver}' largely by 
cut and tr\' methods Offhand, it now appears that soy beans, for 
example, grown with com or included witli corn in the silo, do not 
add sufficiently to the value of silage to w'arrant their inclusion; 
or, to be liberal, their use is on the border line of economy Tt is 
quite evident that good feeding tests are needed; and while it is not 
intended to indulge in criticism here, it is offered as a suggestion 
that in making feeding tests of silage in the future, silage shcnild be 
the main feature of the ration, rather than an incidental one. 

There is no doubt that silage can be kept in properl>' constructed 
silos for five or more years, in the drier parts of the United States 
This fact is encoumging, since it bears directly on the j)ossibilities of 
producing livestock profitably in connection with dry famnng, where 
the growing of wheat and similar crops is too ])recarious to provide 
a dependable livelihood for the farmer, and wherc‘ a sujiply of cured 
roughage must be carried over from good years to poor years 

Mechanical, construction or engineering problems relating to the 
silo are not pressing. However, if some good means could be de¬ 
veloped for the making of a tight cover at a low cost, it would be a 
worth-while step. In fact, a tight cover is highly useful in making 
alfalfa or sweet clover silage. It is true that there is c‘om])aratively 
little waste in corn silage where no top is used and where the silo is 
covered only by the ordinary roof. But, in the future, it is probable 
that tight tops will be very advantageous in connection with 
modified methods w^hich it is possible may otitain 

As for the critical-investigation problems, there is still much 
to be done in their solution. Some of these problems relate to the 
making of cheap palatable and valuable roughage from material low 
in feeding value, through the medium of the silo. There are some 
important points in this connection. If, for example, straw or similar 
roughage could be profitably converted into good silage, the practice 
would be a very useful one indeed. 

Considerable investigation has been conducted in the matter of 
effect of temperatures on the making of silage. In Germany, es¬ 
pecially, artificial heat has been used to influence fermentation 
changes. The investigators are aiming at what is called the making 
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of sweet silage, whatever its advantage may be. In this country, 
and elsewhere, studies of the effect of temperature have been con¬ 
ducted in which the rise of temperature has been brought about by 
filling the silo a part at a time and allowing the natural reaction, 
which is largely a process of oxidation, to develop heat. The heat 
thus produced is controlled by adding freshh* cut material when 
the desired temperature has been sufficiently long sustained. In¬ 
vestigations are still being conducted with inocculcnts and activators. 
For the most part, these have consisted of substances added with a 
view of increasing bacterial activity. Some of them, however, have 
been added for the purjiose of decreasing bacterial actndty and some 
to act as condiments or flax'orings to incr(‘ase palatability. A minor 
point is to increase the keejiing quality of silage The chief object 
of the investigations of the problems relating to chemical and bio¬ 
logical activities is to jirodtu'c cheap, nutritious, and palatable silage 
from material that would otherwise, to a large extent, be wasted. 

MovSt of the broad silage ])roblcms, as they ajijiear today, may be 
stated (juite briefl>' under the two headings, “fanners’ problems,” 
and “the critical investigator’s problems ” The fanner must decide 
for himself whether or not the silo can be used economically by him 
in his type of fanning If he is a dairy farmer, it is altogether likely 
that he will decide in the afilrmative If he is in a section of low 
rainfall w'here crop failures, ('ven forage crop failures, are more or 
less frequent, it is probable' that he will find the silo a valuable means 
of carrying over an adequate supply of roughage from years of 
abundance to Acars of scarcity Some means of carrying over a 
.sufficient sujiph' of roughage from one year to another appeans to be 
highly necessar\’ if livestock is to be an important feature' in such 
sec'tions But if the fanner is in the corn belt, or in other sections 
where the supjily of cured forage is dejiendable. the economic ad¬ 
vantages of the silo will depend \'ery largely on the relative market 
value of com as grain If the price of corn is relatively high, the 
fanner will be inclined to reduce his herd rather than feed high 
priced nnighage. Where silage is an expensive roughage, the famier 
must decide to what extent he is willing to sacrifice economy for 
convenience 

The selection of crojis for silage is a jiroblem which the fanner huvS 
settled reasonably well for himself. Likewise, he has settled, 
pretty generally, the problem of the stage of maturity at which to 
cut silage crops in order to obtain the best quality, lie will, as a 
matter of course, endeavour to cheapen the cost of making silage, 
and especially in the case of the pit silo, will endeavor to cheaf)en 



192 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


the cost of construction. Doubtless he will experiment with the 
stack method, with a view to making it more satisfactory and more 
dependable. Furthermore, the farmer will, as he has always done, 
work out the most satisfactory'^ rations of silage for the needs of his 
livestock. These are some of the lines the fanner’s investigational 
activities will take. 

The problems of the critical investigator are sufficiently numerous 
and important to engage his attention for an indefinite time. One 
of the most important, even though not the most likely of solution, 
is the making of a profitable and palatable silage from such waste 
products as corn stalks and straw by influencing bacterial activity, 
or by the addition of some relatively cheap common substances, 
or by any' other simple method 

Another jiroblem, which appears to be regarded b\^ many investi¬ 
gators as important, has to do with the controlling of acidity' of silage. 
Whether it is really' important to control acidity' is a point upon 
which there are few definite data But it is a common belief how¬ 
ever, that aciditv is a highly” im])ortant factor and many investigators 
are working actively” upon methods of controlling it Investigations 
involving the use of fla\'oring materials or condiments are worthy^ of 
consideration. There is still need of good feeding tests to determine, 
for examjile, the relative value of legumes in c’ombination wdth com 
or sorghum for silage. Attention may” also well be devoted to open 
or stack silos, as they promise to lessen the cost of silage making. 
These are some of the more important problems for the investigator to 
attack 

The sole purpovse of this paper is to set forth in a very' general way 
the broad ]:)roblems relating to silage and the use of the silo. The 
statcTnents made are based upon studies conducted by” the writer 
and Mr. H. L Westover, of the office of Forage Crop Investigations, 
Bureau of Plant Industry, who are joint authors of a treatise on 
silage investigations now nearly' ready' for publication 

4. PASTURES 

A. THE PROBLEM OF TAME GRASS PASTURES IN THE 

HUMID NORTHS 

Lyman Carrier^ 

The following discussion applies to the humid parts of the northern 

Taper read as a part of the symposium on ‘The Forage Problem" at the 
meeting of the Society held in Chicago, Ill., November 12, 1923. 

•Agronomist, Forage-crop Investigations, Bureau of Plant Industry, U. S. 
Di^artment of Agriculture, Washington, D. C. 
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states that lie east of the one hundredth meridian and north of the 
cotton belt; and also to the moist meadow lands and irrigated 
pastures of the Rocky Mountain region, and the North Pacific coast 
west of the Cascade mountains. 

In attacking the pasture problems, the investigator should recognize 
at the outset that he is dealing with a business which yields a very 
small margin of profit. The returns per acre from grazing are low. 
In some parts of the country, they are not sufficient to pay the fixed 
charges of taxes, labor and the cost of wintering the animals necessary 
to maintain the industry. While the returns arc low, in most parts 
of the conntr}’ the outlay is still lower. Pasturage is the only large 
supph' of chea]) feed in this country There is also greater stability 
or certainty of income connc'cted witli grazing than prevails with 
other kinds of agru'ultural productKin. 

If it is granted that half the feed consumed by livestock in the 
United States is secured from pastures, an estimate w^hich all available 
statistics indicate to be conservative, then grazing lands assume an 
importance ('omparable to other major crojjs Any method of general 
apjilication which mcreases the returns fn^m pastures by even a few 
pounds of meat, w^(K) 1 or milk ijcr acre adds in the aggregate a large 
sum t(; the agricultural wealth of th(* country. 

SKKDIN(i 

One* of the first essentials of desirable tame pastures is to secure a 
stand of jilants which are adapted to the soil and climatic conditions 
of the locality 'I'his appears .so obvious that it scarcely seems w^orth 
mentioning; yet, as a matter of fact, man\ tame grass ]mstures 
have been seeded originall\ with ])lants not suitable for permanent 
grazing. Eventually, the better turf plants work their \va>'in,but 
it w^ouJd have hastened the formation of desirable turf if the best 
pasture plants had been gi\*en a start at the beginning It has been 
customary in some cases, following an old English method, to seed 
a mixture made up of small amounts of seeds of a large number of 
species. Some seedsmen emphasize sup]josed virtues of their jiasture 
mixtures b\ listing a large number of <lifferent plants, seed of which 
the mixtures are said to contain There have been many tons of 
seed of such species as crested dogijp tail, yellow oat grass, and meadow 
foxtail imported into the United States enni sold in yiasture and 
meadow vSecd mixtures; but it is a rare cx])crience to find any of these 
grasses growing an}"where in this country. 

There are only a few first-rate pasture ]jlants which are adapted 
to any particular locality or condition. In the humid parts of the 
northern states, a greater variet}^ of gocxl plants can be grown than 
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elsewhere; but, even there, a mixture of not to exceed four or five 
species is all that should be seeded if the field is to be used primarily 
for grazing. On the rich lands, bluegrass, orchard grass and white 
clover will give the maximum amount of grazing. It is probably 
advisable to add some red top to this mixture for the additional feed 
it will furnish the first two years after seeding. A mixture of redtop, 
timothy and alsike clover will .stand more moisture than the other 
tame ])lants and should be used wherever the soil is wet and soggy. 

Creeping bent is coming to be recognized as one of our best wet¬ 
land grazing jilants. At present, there is no seed of the true cree])ing 
.species on the market; but the sea-side strains produce sc‘cd quite 
freely along both the* New England coast and in western Oregon and 
Washington, and it seems reavsonable to belie\’e that a supjily of seed 
of these strains can be obtained if they are needed. 

Requests for information in regard to plants suitable for pastures 
on ]joor soils are frequent. Unf(Ttunately, at the jiresent time, 
there are no known first-class grazing ])lants for such conditions 
Japan clover, or lesjiedeza, answers this |.)ur])ost‘ fairl\ well in the 
vSouth, and ])erhaj)S the re‘centl\' introduced Korean les])edeza ma>' 
play the same role in the northern states. F'or sand\ seals, the 
fescues of the shce])’s fescue tyjie do fairly well, and furnish ])erha])S 
as much grazing as su(‘h soils are ea])abl(‘ of producing. But thin, 
sandy soils are seldom satisfactory for jjermanenl jiastures 

The so-called “sour” soils will ])roduce good ])astures of Rhode 
Island bent, redto]j, alsike cIovct and Canada bluegrass Idns 
latter grass makes up a large iiart of the pasture herbage in the 
shale lands of wes;jm New York, Pennsylvania and Ohio It is 
freciuently found in quite large areas throughout the c'orn belt. 

Fertiiu/inc. 

On acc'ounl ot the small returns ])er acre from iiastures, an\' at- 
temj)ts to increase production by the use of manures or commercial 
fertilizers must be iilanned on an economical basis. 1lie writer has 
never seen a case where an application of fertilizer to a jjasture has 
given an mcreavSed yield the first \ear which would justify the cost. 
It happens, however, that an application of barn>aAi manure and 
certain other fertilizing materials to pastures .show beneficial effects 
which extend over a long period of years. The productive power of 
a pasture is a fairly constant factor. An application of fertilizer 
should, therefore, be looked upon as a permanent improvement. 
Given rich land at the start, a pasture will continue to produce for a 
great many years without any additions of plant food. But starting 
with a poor soil, the grazing will be poor equally as long. One of 
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the chief reasons why many permanent pastures on improved lands 
are so inferior is because the fields were heavily cropjied, especially 
with cereals, before they were laid down in ^rass 

One of the best treatments to give to a pasture is to top-dress it 
with baniyard manure Where manure is available no commercial 
fertilizer is necessar}' In the absence of manure an a])])lication of 
some phos])hatic fertilizer, as bone meal or acid ]:)hosphate, will 
usually cause a inark(‘(l improvement in the turf When these two 
materials are list'd on old turf, the eifccts are more ]jronounced from 
the use of acid ])hosi)hate than from bone meal The acid phosphate 
is alvSo chea])er, and it will encourage* the growth of legumes, especially 
white clover, mon* than will bone meal 

R \rE r)F Gha/i\'(. 

'I'he ])ro])er stocking of a pasture is a matter of prime importance. 
This IS a factor that is entirely under the control of the owner The 
usual rec'ommendations made in agricultural literature concerning 
this matter, so far as the\' ap])lv to the grazing lands of the hiunid 
regions, are ver\ misleading One statement that has been rc])eated 
over and over again is “do not o\'ergraze ” A fairly thorough search 
of the literature of the world w^hu'h deals wuth grazing fails to discover 
that “overgrazing” is looked upon wnth alarm anxwlHTe m humid 
r(‘gions outside of the United States 

One frequently finds the term “])ro])er stocking” used in the 
sense of having enough animals on the jiasture to keep it ];roperly 
grazed The New Zealanders have an exjiression “even grazed"' 
wdiich a])])ears to carry the meaning which is indicated in tins country 
h\ “close grazing,” that is, keeping the pastures grazed down until 
the ground is covered tvith a turf instead of letting the plants grow’ tall. 

A study of the history of grazing lands in the northeastern part 
of the United States, making a comparison of the number of animals 
they formerly carried wnth w’hat they carry now’ and of their former 
condition wnth their jiresent condition, leads to the conclusion that 
more pastures in that portion of the country have been injured by 
under grazing than had ever been harmed by over grazing The 
WTiter has seen thousands of acres of pastures in the eastem states, 
representing all conditions of stocking from cc mplete abandonment 
to their full grazing capacity, and has never yet seen a [lasture 
improve by taking stock off for a year or more 

Too many conclusions in regard to the handling of tame pastures 
of the humid regions have been drawn from experience gained in the 
bunch grass regions of the dry range country. A little study wall 
show' that these twT) conditions are not comjiarable. The grazing 
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plants of the humid region are either creepers, which do not need to 
form seed in order to spj'ead and multiply, or they seed close to the 
ground, and so are not likely to be exterminated. More than this, 
these turf-forming pasture plants can not thrive in competition with 
the ordinary tall-growing weeds which invade a fertile pasture that 
is not closely grazed. There is a great need of much further study 
of the effects of different rates of grazing on the various pasture plants. 

In the meantime, the fact that it is impossible to keep a good lawn 
without frequent mowing and fertilizing should not be overlooked. 
The nearer that a first-class lawn can be imitated in pastures the bet¬ 
ter the animals will thrive 


4. PASTURES 

B. THE PROBLEM OF IMPROVING WESTERN RANGES' 

James T. Jardine- 
DEFINITIONS 

Western Ranges, as discussed herein, include about 550,000,000 
acres of wild pasture lands within seventeen western states, including 
the Dakotas, Nebraska, Kansas, Oklahoma and 'fexas, thence west 
to the Pacific coast. 

Improving as here used means improving forage production, either 
in quantity or quality or both. It is not identical with increasing 
carrying capacity, since the latter includes much in the handling of 
the stock for efficient forage utilization rather than forage y>roduction 
alone. 

CHARACTER OF LANDS 

The 550 million acres of range lands vary in altitude from near sea 
level to perpetual snow. In type they vary from meadow of high 
carrying capacity to desert requiring 100 acres or more per cow. 
This great variation necessitates much regional and local study for 
most effective application of any general principle here stated. 

CONDITION OF LANDS 

Approximately 150 million acres used for grazing within National 
Forests and Indian Reservations are perhaps on an average 20 percent 
below maximum natural production. 

About 250 million acres niade up of unappropriated, unreserved 
Public Domain, coal, oil, phosphate and other reservations, imfenced 

^Summarized paper read as a part of the symposium on “The Forage Problem” 
at the meeting of the Society held in Chicago, Ill., November 12, 1925, 

^Director, Oregon Agricultural Experiment Station, Corvallis, Ore. 
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grant lands and private holdings, arc probably on an average 40 per¬ 
cent below maximum natural forage production. 

About 150 million acres in private holdings, mainly under fence, 
vary greatly in condition. As an average, perhaps 20 percent below 
maximum natural production is a safe estimate for this land. 

Piper has estimated that the lands under consideration will sustain 
15,114,000 animal units (cows) each year. Range improvement to 
maximum normal ])roduction would mean an increase of about 
4,000,000 animal units a very considerable item. 

These estimates of acreage and condition are ventured merely to 
arrive nearer the problem. They may be wide of the mark. Endless 
discussion, however, would fail to establish the true status. The 
variations from the estimate's given would be of little importance to 
the subject under discussion. 

MAIN CAUvSES OF RANGF DETERIORATION 
Dl KKCT CaCSKS 

Many causes have contributed to bring about this deterioration of 
the western ranges. I'he main direct causes are generally conceded 
to be’ (t) overstocking; {2) excessive grazing early in the growing 
season; (3) season-long, or continuous, grazing; (4) erosion; and 
(5) rodents, 

Ovcrsiockiyig has been a common otTense, and, for the most part, 
continuous. In part, it has been due to lack of reliable information 
on grazing capacity. In greater measure, it has been due to lack of 
appreciation of range, to lack of permanency of ownership, and to a 
general spirit of exploitation rather than of development of a sound 
permanent range livestock busincvss 

Excessive grazing early in grounng season Until recent years, there 
has been little or no consideration of the requirements of the range 
plants for growth and reproduction. The main idea has been to 
get the stock out of the feed yard and off the cultivated areas. The 
plants have been weakened by removal of leaves as fast as they are 
produced, and injured by trampling. The total injury from these 
factors has been far underestimated. 

Continuous grazing during the growing season, year after year. 
With the range as a whole not overstocked, choice species of grasses, 
constituting a large percentage of the whole, may be overgrazed and 
eliminated. The influence of this factor varies greatly with the 
composition of the vegetation and intensity of grazing. 

Erosion is a factor which usually follows overgrazing. 

Range destroying rodents have been a factor of importance in many 
localities. 
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Indirect Cacsks 

The dilficul-ties of removing these direct causes and the injury to 
the range have been increased by. 

Inadequate, poorly distributed watering places for stock and excessive 
unnecessary congregation of stock at salting grounds, bedding grounds, 
and through herding. 

Unfavorable growing seasons —-delayed spring; unusual hot, dry 
summer; or year-long drought. It is difficult to anticipate the 
unusual season, and it is not easy to reduce the stock after the 
grazing scavSon is on. Grazing capacity has not been adjusted to take 
full account of conditions over a sufficient period of years. 

Open competition for free grass on public and many ]>rivate lands 
has encouraged and, in many cases, has made neceSwSar\" premature 
grazing, overstocking and continuous grazing. The man who 
pioneered, and put money into water and operating plant, has been 
forced to protect his investment by feeding off the grass before the 
“tramp herd” could get it. 

Inability to plan and provide definitely for year dong needs The 
250 million acres of uncontrolled public domain, and interspersed 
grant and private lands, pro\ddc much of the spring, fall and winter 
range, taking the place, in whole or in part, of private pastures, 
stubble and hay in other sections. Lack of control has })revented the 
best use of these lands in organizing the individual livestock pro¬ 
duction unit‘d (one ranch) on the basis of year-long forage supply. 
As a consequence, there is constant necessity for departure from the 
grazing practice which is recognized as imperative to the improvement 
and maintenance of the range, in order to save the stock. 

RANGE IMPROVEMENT 

Range improvement must come mainly through better range manage¬ 
ment. In the light of present facts, range improvement will 
depend largely upon the extent to which the foregoing causes of 
range deterioration are removed. 

Most areas ivill return to maximum natural production under wise 
use. Experiments and demonstrations by federal and state agencies, 
and the actual improvements of privately owned ranges have shown 
that the w^estern range lands will regain approximately their maximum 
natural productiveness if the}^ are proteced from grazing a few years, 
or used under grazing management which does not interfere seriously 
with the requirements of the vegetation for growth and reproduction. 
The improvement will require from three to perhaps fifteen years, 

•Production unit as used herein means a ranch or farm used mainly for livestock 
production. It is intended to include harvested feeds and all pasturajie. 
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dependin^^ upon seriousness of depletion, local conditions ‘of soil, 
climate and plant s])ccies, and the extent to which harmful j^razing 
is removed. 

Outlook for range improvement by artificial seeding not encouraging. 
Range improvement by seeding with seed of cultivated plants and 
with seed of a limited number of native plants, has been tried in 
perhaps 1,000 seeding tests, representing fairh^ well the many 
combinations of soil and climate The results indicate that improve¬ 
ment in this way is limited to small areas where soil and moisture 
conditions are far above the aviTage Such lands do not exceed, 
perhaps, one-half of one ])crcerit of the grazing areas within National 
Forests, arc' negligible on the o})en range areas, and constitute but a 
small ])art of private holdings Then' arc indications that turf¬ 
forming, or creeping jiasture jilants ma\' extend the limits to less 
favorable areas. iVlorc work is needed along this line 

InirodncHon of neio range plants has pos.sihilitici,. Range improve¬ 
ment, beyond natural rt'covfTy of the ranges, depends upon finding 
f>lants of grazing value' which will gnwv on the range lands and 
incrc-'ase production. This ])ossibility has barely been touched. 
The great value of plants introduced into American agrniilture warrants 
the hope, if not the assumption, that much could be accomplished for 
out ranges Search of foreign lands for valuabk' hardy species 
should be undertaken by the Federal (jov eminent without delay, and 
am})lc jn'cndsion should bc' made for thorough testing of the intro¬ 
ductions under range' conditions Asvsuming that valuable new 
plants are found, their eflec'tivcness in improving the range will be 
governed a grc'at deal b\ the extent to whic'h belter range management 
is ])racticed 

SLkiGESTIONS 

In a broad sense, the following problems and suggestions apply to 
all western range territory, yet they require local solution 

Range Improvement must be aicomplishcd under grazing use. The 
ranges arc a jiart of the year-long feed su^iply. Their use annually, 
therefore, is imperative to the livestock industn^. Range improve¬ 
ment and maintenance mtist be accc.nnplished under use. 

C'ontrol of public domain imperative to improvement of 2^0 million 
acres, and important to better management on national forests and on 
much private land. Any marked imjirovement in the tmblic dc^main, 
and intersjiersed jirivate and grant lands, is impracticable under 
grazing use until legislation makes possible a practical system of 
control and management through private ownership, a leasing s\'stem, 
or a permit system similar to that in practice on the National Forests. 
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If proof is needed for this statement, the public domain in any far- 
western state is an example of long standing. 

Control of the public domain would make possible the organization 
of livestock production on the basis of year-long feed and pasture. 
Properly done, this should eliminate much destructive early spring 
grazing on the winter and spring ranges and on the ranges of the 
National F'orests. Delaying the opening of the grazing season has 
been one of the anost difficult tasks of National Forest grazing ad¬ 
ministration. Fhere is yet much chance for range improvement by 
later grazing season. 

Proper Gkazinc; Capacity ok Rate of Stockincj a Puohlkm on All Ranoes 

Grazing capacity, or proper rate of stocking, is at once a most im¬ 
portant and most complicated problem because of many factors 
involved. 

Range usually is only part of the year-long feed suppl^^ Improve¬ 
ment is improbable if grazing capacity is determined for a season 
beginning May t and then stock arc turned on by April j because hay 
or early pasture runs out. The year-long feed supply of the ])ro- 
duction unit should be considered in dctcimining grazing capacity for 
the range of such unit so that the season of grazing and system of 
grazing for which grazing capacity is determined can be followed. 

The amount of range forage produced varies so much on account 
of species of vegetation, soil, and moisture supi^ly that the individual 
pasture or small grazing unit is a problem in itself and in the end 
grazing capacity should be determined for the individual production 
unit (one ranch). 

,The rate of stocking for maximum use without injury varies with 
distribution of water and salt and with the handling of stock. These 
factors necessarily var>" greatly and only rarely can they be made 
equal for two units. 

C}razing conditions var}’ from season to season and the variatiem is 
not the same over large territor}^ Orazing capacity based upon 
production when growing conditions are above average means 
overgrazing in the end. 

Figures on grazing capacity can be worked out for use as a guide 
over coUvSiderable similar area, but adjustments on the individual 
unit will be necessaiy, taking into account year-long and seasonal 
feed and range over a period of years, probable efficiency of range 
utilization, and plans for range improvement and maintenance. 

Grazing Plan Should Provide for Natural Reprodifction of 
Main Range Plants 

On the 550 million acres, or any large part of it, range improvement, 
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for the present at least, must be accomplished through natural 
reproduction of the native or existing vegetation. This means that 
species of grazing value must be given a chance to reproduce, for 
western grazing this has been accomplished by (i) protecting the 
range from grazing one or more years; and (2) deferring grazing 
until after the principal plants have matured seed or have complet¬ 
ed vegetative reproduction 

The simplest cipplication of these principles would be division of a 
pasture or range into two units upon which deferred grazing or 
protection is alternated. In practice on w^estern ranges, how^ever, a 
two-pasture plan rarely w^orks. I'hree to five or six units are more 
often necessary, because the jjortion of the grazing period after seed 
maturity is short compared wdth the portion before Further, 
protection or deferred grazing should be for at least two years in 
succession, in order to give the seedlings a chance to become establish¬ 
ed. And where the desirable species have been much weakened, seed 
of low vitality ma>^ be i)roduced for a year or more after the 
protection is given, necessitating more than two years s(*c‘d crop for 
appreciable im])rovement 

Every day of growth without grazing, especially earl>' in the 
season, is an advantage Theref('>re, each division of the pasture 
should stand its share of early grazing, other factors being equal. 

The combinations of conditions are so many that no definite plan 
of grazing can be recommended wdth assurance that it will apply to 
an unknown! combination of growing season, grazing season, character 
of forage, class of stock, topography, water and physical control. 

A plan of grazing needs to he carefully ivorkcd out for each similar 
combination of conditions. This plan should then be adiusted to fit 
conditions on the individual unit 

p:iwcati().n through extension servicm^ 

The agricultural extension service is beginning to recognize an 
opportunity for educational w^ork in range improvement and range 
management. Better understanding and increased appreciation of 
range resources and their conservation should be brought about through 
such .educational work, especially if undertaken b}' men W’ho have 
sufficient understanding of the problems to adjust and apply what is 
known to the individual case. The individual case wdll rarely fit a 
standard recommendation. All agencies, state and federal, should 
cooperate in this project. Each agency should first get together the 
facts applicable to their regional conditions. 1'hen, m(^re enthusiasm 
than in the past would be a good thing. 
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FEDERAL AND STATE AGENCIES SHOULD COOPERATE IN 
DEVELOPING PROGRAM OF INVESTIGATIONS 

Much information has been gained through the work of federal and 
state agencies in the past fifteen years. There is great need, however, 
for investigations to meet the problems enumerated, and others, for 
different areas throughout the 550 million acres. Federal and state 
agencies might well cooperate in deciding: 

1 . Division of the western ranges into areas where conditions are 
near enough alike that problems of improvement and management 
can be satisfactorily investigated at one experiment station, 

2. The major problems which should be undertaken by the station 
serving each such area whether there is a station established or not. 

3. The stations needed in addition to those already established. 

4. The problems which are primarily federal, those primarily 
state. 

5. Plans for cooperation and coordination to minimize duplication 
and encourage exchange of plans and results as fast as they are 
obtained 

4. PASTURES 

C, THE PROBLEM OF SYSTEMS OF GRAZING' 

Will C. Barnes^ 

Lack of system in the handling of stock grazing the ranges is one 
of the mOvSt serious causes of range deterioration. This may be 
divided into two general causes: 

1. Too early grazing in the spring when the ground is soft and the 
forage has not yet gained sufficient growth to withstand cropping. 

2 Lack of proper distribution, the stock being allowed to graze 
as, when, and where, they please. Such grazing results in a concen¬ 
tration at waterholes, salting grounds, or in open meadows or park¬ 
like places, leaving portions of the ranges either absolutely un¬ 
touched or only slightly used. Cattle are gregarious, and, like 
human beings, prone to follow the lines of least resistance. If left 
to themselves, they will naturally feed where feeding is easiest. 
LivCvStock of all kinds will graze uphill if they are encouraged to do so, 
but as long as there is any feed to be found in the bottoms they do 
not take kindly to climbing rough, broken mountain sides even though 
they find much better feed. 

^Paper read as part of the symposium on “The Forage Problem" at the meeting 
of the Society held in Chicago, Ill., November 12, 1923. 

^Assistant Forester in charge of Grazing, Forest Service, U. S. Department of 
Agriculture, Washington, D. C. 
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The first condition, that of too early grazing, is one that Forest 
Service investigators have solved fairly well, by regulating the time 
when the stock are to be placed on the ranges. In the early days of 
handling the National Forest ranges little attention was paid to this 
matter. The stockmen had always turned their cattle onto the 
public domain irom their ranches vcr\' early in the spring, because 
as a rule by March first their hay and home pastures were exhausted. 
Thus, there had grown up an entering period for the National Forest 
ranges as early as the 1st of April, and seldom later than April 15th. 
A few years study ])roved that date to be entirely too earh^ for forage 
plants must be given a reavSonable opportunity to gain some fair 
growth, if they are to maintain themselves against constant grazing. 
The decision to })ostpone the opening date for from twenty to thirty 
and in some instances, forty days, met with great opposition from the 
permittees interested. Tht‘ majority of them offered the same plea 
which forest officers were making for the forest ranges, namely, that 
their own jiastures were soft and the fresh green grass would be 
ruined if they retained their stock on them after the first of April. 
This of course was exactly the Forest Service argiunent, but naturally 
the stockmen were not as deeply concerned in the welfare of the 
government ranges as they were in their own pastures The Forest 
Service persisted, however, and at the presc'nt time these entering 
dates are established late enough so that on the majority of national 
forest ranges the stock are not allowed to enter until the grasses 
and forage plants have reached a growth which will enable them to 
sustain grazing and not be injured thereby The same situation 
holds good with sheep, excepting that as a general rule the sheep 
men are able to keep their stock on their own ranches or winter 
ranges considerably later than are the cattle men 

The matter of distribution over the ranges has been solved to a 
very large extent through placing salt at strategic points on the range, 
and especially at a distance from waterholes, watering places, or 
meadows. It has been learned that cattle will go into the roughest 
kind of areas and climb almost any ordinary mountain side in search 
of salt. By this means, a very satisfactory distribution of the cattle 
over the entire range has been secured, resulting in even, regular 
grazing without any unusual concentration at certain points The 
ranges are grazed consecutively, placing salt on the lower ranges at 
the beginning of the season and, as the forage higher up advances in 
growth, moving the salt there, thus coaxing the cattle from one 
elevation to another as the season advances. A fair amount of 
rotation grazing has also been secured by this means, the cattle 
being tolled from one part of the range to another during the season 
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by moving salt ahead of them. By reversing the process the following 
year a systematic rotation of pastures grazed has resulted, thus 
bringing about a steady normal growth of forage plants during the 
entire season, no portion of the range being overgrazed at any time. 

Sheep, since they arc constantly under the care of a herder, are 
much easier handled and therefore the plans for rotation grazing 
now in use have worked out remarkably well. Each pennittee is given 
a blue print of his range on which the various “camps" and dates of 
use are marked. 

One of the most satisfactory methods of handling sheep is that 
called the “open" or “blanket" s^^stem of herding. Open herding 
means allowing the sheep to graze at will during the day, scattering 
out as widely as they please, within certain reasonable limits; never 
throwing them together in solid masses, if that can possibly be avoid¬ 
ed. This does not mean, of course, that the\' are allowed to run 
absolutely at their own free will, for the herders are expected to 
keep a watchful eye on each herd. Instead, however, of rounding 
them up with dogs and massing them several times a day as was the 
former custom the herder quietly wanders around the rmter limits 
of the area upon which the sheep are feeding, tuming in an\' that 
show a desire to stray too far. In the evening, instead of driving 
them in one solid body to some established bed ground, the herder 
works his way around outside the lines, pointing them in towards a 
given center but not driving them, allowing them to bed down in 
small bunches, but within siglit of each other, wherever night over¬ 
takes them. The herder’s burros which have been with the herd all 
day are then unpacked and camp is made near the shec]) Dogs are 
strictly taboo except as company for the herder. Experience has 
shown that under such conditions twenty to thirty percent more sheep 
can be grazed on a given area, that the lambs weigh more at the close 
of the season, and that the range suffers much less from feeding, 
trailing and other forms of damage through use by shee]) 

vSingularly enough, the losses from predatory animals are actually 
decreased. The sheep men accepted this finding only after careful 
study and demonstration had proved it to be the fact, as they were 
firm in their belief that unless kept in reasonably close masses, 
especially during the night, there would be heavy loss from predatory 
animals. Experience and study have justified the belief that the 
fact that the sheep (Jo not return to the same bed ground night after 
night rather puzzles the predatory animals and makes them more 
cautious about attacking the herd where it is spread out over a large 
area. The chief objection came from the herders, who rather enjoyed 
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going back every night to a permanent camping ground where they 
had more comforts than can usually be found in one-night stands. 
This objection was overcome by the owners, who agreed to pay an 
increase in wages to herders who handled their stock under this 
method, the owners realizing that the increased cost was fully repaid 
them by th(‘ improved condition of the stock and the range 

4. PASTURES 

D. THE PROBLEM OF PASTURES IN SEMI-WASTE LANDS 
OF NEW ENGLAND’ 

S. B. Haskell’^ 

Decreased carrying power, increased invasion by weeds; gradual 
and in some cases rapid change from real pawSture into open woodlot and 
later, after man>' years, into forest- this is the present tendency of 
the permanent pastures of New England, in as far as they are located 
on lands on which tillage operations are either imi)ossible or too ex¬ 
pensive to be prac'ticable The complex which has brought about 
these tnidesirable results is somewhat as follows 

A glacial drift soil derived from hard crystalline rocks, typically 
granites and gneisses, sometim(‘S excessively drained, usually acid in 
reaction, loerillv filled with stones, boulders and rocks of all sizes and 
sha])es 

A tcpo^rafliy CvSsentially rough and irregular. 

A climate well suited to the growth of grasses and clovers, but 
even better suited to the growth of woody perennials and forest trees. 

A history which in many cases includes two and a half centuries of 
use as pa.sture. t>^pically without lime and without artificial fertilizer. 

An industrial situation in the near-by cities which makes financially 
impossible the employment of labor to control weed growth by the 
only means yet d(‘vclot)cd since the land was settled, namely, hand 
mowing 

1'he two great ])roblems are: first, tlie maintenance of fertility; 
second, control of weed growth, v^ince invasion of pastures by 
weeds is typically a result of diminishing fertility, it follows that 
these tWM') problems are interrelated 

MAINTENANCE OF FERTILITY 

These soils are typically acid. Natural flora indicates this, and 
chemical deteniiination supports the diagnosis. Betterment in 

^Summarized jiaper read as a part of the symposium on “The Forage Problem"' 
at the meeting of the Society held in Chicago, 111 ., November 12, 1923. 

•Director Massachusetts Agricultural Experiment Station, Amherst, Mass. 
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pasture herbage from the application of lime may be exj^ected. 
Agronomic history and experience indicate that some benefit from 
the use of phosphatic fertilizers may also be expected. Only where 
the soil materials are very coarse-grained, however, is it likely that 
any great change in vegetation would be caused by the use of fertilizer 
potash. The foregoing, however, represent theoretical considerations 
only. Pasture experimentation has not progressed sufficiently to 
confirm theory by actual fact. The work as done up to the present 
time at the Massachusetts Station fails to confirm these theoretical 
considerations. 

CONTROL OF WEED GROWTH 

Hairy ca]) moss, nmning cinquefoil, dewberry, and many other 
low-growing weeds, compete with grasses and clovers for possession 
of the soil. On normally well-drained soils, growth of these weeds 
may be controlled by the use of lime and fertilizers. Profit from 
such use is yet to be demonstrated, and is, of course, a function of 
price received for the products of the pavSture as well as of cost of 
fertilizer. Apparently, the first step in preventing the growth of 
woody perennials is the producing of a good growth of grasses and 
clover in those pastures which are still in fair condition 

Where productivity of the soil is not maintained, or where there is 
insufficient vStocking, woody perennials invade the pasture. Hardback 
is ubiquitous Alder is found in wet places. (Irav birch is found 
everywhere. Ground juniper is a most serious pavSture w*ed all over 
the New England territory. In many pastures, the harvest of blue¬ 
berries and huckleberries is of greater value than is the pnxluct of 
the land as a pasture. Near the coavSt, bayberries present a rather 
difficult problem Sweet fern is found in dominance on many of 
the drier soils. Ferns and brakes abound in moist .situations. Most 
of these weeds, sooner or later, serve as cover for the early growth of 
forest trees, and in this way lead to ultimate reforestation. 

Ignorance of the growth habits and requirements of most of these 
plants is shown by the fact that the pasture is considered as the unit 
rather than the types of growth found in the pasture. The causes 
which bring about dominance of one type of vegetation or another 
have never been fully explained. The significance of dominance, in 
relation to soil conditions, has not been established. Existing 
records of the life history of most of these weeds are superficial. No 
exhaustive study of m'ethods of controlling growth has been made. 
This subject, in its entirety, promises to be a most fruitful field of 
agricultural research. 
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E. THE PROBLEMS OF PASTURES IN THE SEMI-WASTE 
LANDS OF THE SOUTHERN COASTAL PLAIN^ 

John R. Fain* 

The semi-waste lands of the Southern Coastal Plain region are 
coincident, to a large extent, with the cut-over lands The timber 
has been taken out fairly rapidly in the last few years, and a consider¬ 
able portion of the cut-over lands remains unfenced and undeveloped. 

F'or those who are unfamiliar with the Coastal Plain conditions, 
it may be well t(^ give a brief description of the section In topog¬ 
raphy, it is gently undulating. The soils are usually sands or sandy 
loams. In the lower areas, there is often a very thick grov’th of 
shrubs and trees, a large number of wdiich are thick-leaved evergreens 
that give practically no browse ()n the higher areas, there is a scant 
growth of young pines, left when the land was cleared, or seedlings 
that have come up since the timber was taken off (jrass and a 
variety of other plants are scattered through this growth The 
predominating grass, at least in many sections, is wire grass (A ristida 
siricta). 

THK UTILIZATION OF .NATIVE PLANTS 

The first problem that presents it,self is the utilization of the native 
growth. In some sections of the (\)astal Plain region, this growth 
is rather abundant, but when the whole year is taken into considera¬ 
tion, it furnishes only a limited amount of feed. One reason for this 
is that ])ractically all the native grasses of this section make rather a 
large growTh and soon become harsh or wir\' At this stage, the 
animal has a hard time to secure nourishment enougli to make a 
livelihood; or to put it in the vernacular of the cattle men of some 
sections of the Coastal Plain region, “There are five months of feed 
and seven months of starvation,” 

It is customar>^ to bum the open range each winter, the idea being 
that the grass will come earlier and the animals will thrive better 
than if they try to glean the new^ growth from among the dead stems 
of the year before. By this means, for a period of from sixty to ninety 
days, very palatable, and apparently fairly nutritious, grazing is 
provided. 

‘Paper read as a part of the symposium on “The Forage Problem” at the 
meeting of the Society held in Chicago, Ill., November 12, 1923. 

‘Professor of Agronomy, Georgia State College of Agriculture, Arhen.s, Ga. 
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A problem growing out of the utilization of native vegetation is 
the type of animal best able to convert any food material found in 
the open range into a marketable product. Naturally, a hardy type 
of animal is needed. The native animal, the product of this condition, 
one that can stand an adverse environment, is not the type which is 
desired to any great extent by the markets Under certain conditions, 
a half-blood animal may be able to glean a livelihood. However, 
some of the cattle men who have studied this problem contend that a 
quarter-blood animal is about all that can V)e expected to maintain 
itself under such conditions 'this type is some improvement over 
the native animal, and while it is not to be looked on as a permanent 
propf»sitioii. it does give some income from a source that otherwise 
woukl ])ruduc‘e none 

On both the small fanns, that is, farms of a few hundred acres, 
and the larger holdings, pavSturage will ])robably be combined, to a 
certain extent, vith forest jiroduction. Many problems connected 
witli this combination remain unsolved, but it offers a ])ossibility of 
using a good deal of land, at least for the next timber generation, 
that could not be utilized in any other way 

The eradication of the native growth is one of the first steps t(>'ward 
better jiaslures. Here again, the use of fire, combined with heavy 
grazing, will help materially. While indiscriminate burning is t,o be 
condemned, the judicious use of fire in ridding the ground of an excess 
of coarse material is probably necessary If the land is stockc^d sufli- 
ciently to keep the grass short for a greater part of the year, a large 
number of the native species disa]>pear. Idowing will eliminate the 
native grasses, when it is practicable to ])low. 

ADAPTATION OF BETTER PLANTS 
Finding the Plants 

The temperate-zone plants, which have been developed in Europe 
and arc of great value in the northern part of the United vStates, do 
not find congenial soil or climate in the Coastal Plain. In fac't, it is 
only the excc])tional plant that will stand the heat, and only under 
favorable conditions. On the other hand, a great majority of the 
tropical plants are not adapted to this region, because of the occasion¬ 
al low temperature in the winter months. It must be borne in mind 
that the plants must withstand not only the average conditions of 
heat and cold but also the extremes. An interesting fact, in this 
connection, is that Japan clover {Lespedeza striata) was first found 
in the United States not very far north of the Coastal Plain. This 
plant has spread northward and covered a considerable territory, but 
has not invaded the Coastal Plain to the southeast to any appreciable 
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extent, althovi^h the natural drainaj^e of the section where it was 
first found runs through this region The extremes of many years, 
it would seem, are unfavorable to the seeding of the Japan clover. 

One of the difficulties with the plants adapted to this section is to 
find a suitable combination. Plants which supplement each other 
and would give the maximum length of grazing ]jermitted are often 
hard to combine successfully into a pasture. Most of the plants 
available make their principal growth in mid-summer. An extension 
of the grazing period is needed for spring and fall 

i"l N(.OlIJISF.ASES 

Another ]jroblem of a moist, warm section is that of fungous diseases. 
Not a great deal is known about the fungous diseases of pasture plants. 
It is ])robably safe to assume, however, that disease-resistance is 
just as necessary in i)asture plants as in other cultivated plants. 
"^I'his is a particular problem in connection with legtunes, yet legumes, 
it would seem, are vitally nece.ssary in this section 

(Yima'ik (\)vi)ni()N.s 

With an annual rainfall (jf forty inches or ab()\'e, no serious problem 
should be found in connection with moisture^ It is not the lack of 
sufficient yearly rainfall, but the distribution of the])recipitation that 
produces the ])r()blems tendency is for more-or-less alternate 

periods The winters luuu from a moderate ton low rainfall, which is 
not vcTy favorable for wdnler-growdng ])lants 'Phis ])eriod is follow^ed 
by a rather heavv s]iring rainffill, which, in turn, is succeeded, in the 
late spring and early summer, by droughty conditions In mid-and 
late-summer, the rainfall is usually excessive, w'hile the falls are gener¬ 
ally ven^ dry 

In considering the moisture problem, the rapid evaporation must 
be taken into account. This is caused by a combination of factors, 
such as heal, rajiid capillary movement of the moisture in theui)per 
soil layers, and a fairly regular breeze at certain times of the day. 

The tem])erature of the lower C^oastal Plain rarely falls to a point 
where grow'lh is checked A few^ years ago, the w'riter W’as in Colquitt 
County in southern Gc'orgia on a February day The county agent 
made the statement that it "was the coldest morning of the fn^e years 
that he had been in the county. The thermometer had registered 
twenty-seven degrees 

Reference has been made to the fact that tropical plants do not 
withstand the winter temperatures, and a w^ord of explanation is 
probably in order. As indicated by the Colquitt County agent, 
plants do not often have to stand a low temperature, and a very 
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slight cold-hardiness would seem to meet the situation. The diffi¬ 
culty arises,, however, from the periods of growth, followed at times 
by sudden checks on account of drops in temperature. A drop, for 
instance, from 70° to 30° might possibly be just as disastrous to 
some plants as a drop from 30° above to 10° below zero would be to 
others. Some years ago in Athens, Georgia, a number of barleys 
grown in the variety tests were completely destroyed by low tem¬ 
perature. But the same barleys, the same year, stood a much lower 
temperature at the Arlington farm near Washington. The only 
explanation of this phenomenon that can be offered is that the barleys 
at Athens had ex[)erienced a period of moist, waim weather, and were 
making a very vigorous growth, while the barleys at Arlington had 
not started the vegetative growth of the spring 

On the other hand, plants must be able to stand fairl\' high tem- 
lieratures, if they are to succeed in the Coastal Fdain. It is not a 
matter of an excessively high temperature for a short time, but a 
fairly high temperature for a considerable period It is alsf)ahigh 
temperature from early morning until late in the evening It is the 
continuousness of the heat that makes it hard to endure. Periods 
of drought also intensify the condition that the plants have to 
withstand. The soil texture is such that it heals up readily and at 
times the soil becomes exceedingly hot. 

Soil Conditions 

Most of the pasture plants require a com]jact soil Not a great 
many soils of this type are found in the Coastal Plain. Most of them 
are of a sandy nature with the loose, friable condition which is 
characteristic of soils of this texture It has been found more 
desirable with the plants now in use, under a good many conditions, 
to make the seedings for pastures on unplowed land, if the natural 
growth will allow this to be done, rather than to plow it. Such 
plants as carpet grass appear only after the land has been com])acted, 
as along wagon roads where logs have been hauled out 

The soils of this region are extremely varied in type, and but little 
is known as to the kind of plants which are adapted t (3 many of them. 
The variations in some of the soils are difficult to detect. The 
difference in value of one soil type is indicated by the presence or 
absence of a single plant. Wherever this particular plant is found, 
the land is not worth considering. 

Another probleiq difficult to meet is the excess of moisture of the 
swamps and marshes and the extreme dryness of some of the higher 
areas, with all gradations of moisture-content between these extremes. 
The topography of this section is such that these extremes are often 
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found side by side, which frequently makes it exceedingly hard t(_) 
establish pastures on areas that, for other farm considerations, are 
the best ones on which to jiut them. As a general projiovsition, the 
moist lands offer the greatest promise for pasture development. The 
utilization of this type of soil has been partly solved. On the other 
hand, the utilization of the higher, dryer lands for pasture develop¬ 
ment is a very difficult problem 

The j)robleni of clearing and draining the low land cheaply enough 
to make the development of pastures practicable is often difficult to 
solve. In clearing for pastures, the judicious use of fire seems to be 
the most practical method of solving the problem, at least in part 
The use of fire, in ccmnection with heavy grazing, will help materially 
to put these lands in proper condition Some f)f these low lands 
l^ve been badly leac'hed and have very low ])roducing power Just 
how to handle lands of this sort, which have the essential moisture, 
but not the other essentials, is still unsedved It is true that most of 
the lands of this .section are low in the essential elements needed for 
crop ])roduction, hut it is also true that these soils have a compara¬ 
tively high availability of these elements 

How to treat these lands to maintain j^asturage for a long pericxl 
is another unsolved problem To what extent commercial fertilizers 
can be used in a jirofitable manner has not yet l^een ascertained. 
Fertilizers can probably be used to good advantage in establishing 
pastures How often they should be used thereafter, and in what 
form, remain to be worked out. 

Seed Srppi ^ 

Another problem that comes up continually wdth the better plants, 
when found, is a source of seed. Some of the plants available for 
pasturage, for at least some .sections of the Coastal Plain territory, 
have to be propagated \x;getatively, making ])asture building slow 
and expensive Then, too, it is only recently that very much 
attention has been given It) harvesting the seed that are available. 
Not a great deal is known yet in regard to the best method of saving 
these seed. Such plants as Dallis grass (Paspalum dilaiatum) are 
affected, in the region under consideration, with a fungous disease 
that makes it difficult to harvest a seed crop of high germination. 
So far, most of the Dallis grass seed used commercially has come from 
Australia. A source of seed so distant as this increases the difficulties 
of the problem. With some of the plants, a source of seed has not 
been established; or, if established, a methed of handling the seed 
so that the results will be uniformly successful, has not been sufficient¬ 
ly well established to make them a commercial possibility, as, for 
example, with the Bahia grass (Paspalum notatum). 
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GENERAL CONSIDERATK )NS 
Periodic Grazinc. 

The uneven distribution of the rainfall, already noted, brings 
about conditions in growth that make it difficult to stock the pastures 
in such a way as to keep the grass always palatable. Practically all 
the pasture plants that can be utilized in this region to advantage 
are of such a nature that excessive growth makes them less acceptable 
to the animals. The pasture projierly stocked in the early spring 
will often be o\^er-stocked in the late spring and early summer, 
decidedly under-stocked in mid-summer, and again badly over¬ 
stocked in the fall. The only method devised so far is tf) cut the 
pasture for hay in the late summer, which makes the problem of 
rescr\^e pastures during droughts an acute one. This problem will 
probably have to be solved by utilizing for reserve pastures areas 
other than the permanent pastures 

Parasites 

Another iiroblem, which has been given rather wide publicity, is 
the infestation of pastures in this section with animal parasites. 
Some time ago, the Veterinary Division of the (leorgia State College 
of Agriculture was requested to give this mattcT consideration A 
trip made by the veterinarian through the C^oastal Plain region of 
the state and an examination of the animals on the ])astures, ])ar- 
ticularly on pastures that have been used for many years, did not 
reveal a more serious condition than would be found in almost an\' 
other section. However, the main problem is the control of jiastures 
that ha\'-e become infested, as all pastures where livestock arc handled 
continuouvsly are liable to some kind of infestation. It has been 
suggested that, in the absence of low tcm])eratures, ])arasites will 
multiply rapidly It is tnie that this section has ver^^ little benefit 
from low tem])cratures, but the eifect on parasites of heat and the 
dryness of the upper soil emst have been ])ractically overlooked. 

Recently, a questionnaire was sent to the practicing veterinarians 
in the Coastal Plain region, asking for information in regard to the 
effect of the pavStures infested with parasites. Ninety percent of 
those who replied believe that no more serious conditions exist in 
the Coastal Plain than in the well established livestock sections. 
Ten percent believe that the conditions are worse. The following 
answer of one of the veterinarians is of interest. He said, ‘T do not 
consider the parasitic infestation of livestock any worse, if as bad, 
as in the Middle West, where I was raised.’' 

Developing a System 

Each section of this country, where livestock is handled successfully, 
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has worked out a system of pastures and livestock that 

covers all the problems connected with the local environment. 
Such a system has yet to be developed for the Coastal Plain region. 
There is, it is true, a system after-a-fashion, in handling the animals 
on the native growth; but looking forwTird to the development of a 
livestock industry that will produce a better class of animals, in 
connection with permanent pastures of real value, a system must yet 
be evolved. Such a system will come slowly, as experience is ac¬ 
cumulated and as a mort‘ intensive study of the problems is made. 

CONCLUSIDN 

The title of this pa])cr indicates that the ])roblems only are to be 
j;resent.ed 'I'herefore, no attempt has been made to set forth any 
of the successes in jiasture building in the Southem Ckiastal Plain. 
It may be well to say in conclusion, however, that some of the 
pastures develojied in this section are notable for their carrying 
capacity. It is believed that solutions of some of the problems 
are under way and that before a great wliile permanent pastures will 
be a large factr)r in the successful agriculture of this region 

5. THE BETTER UTILIZATION OF STRAWS^ 

C. P Leighty- 

Straw is the dried stalks or stems and other jiarts of vanous crops 
from which the seed has been removed in the ripe or nearly ripe stage 
Straw refers especially to the remnants after threshing of the small 
grains, wheat, oats, barley, rye and rice, but is also properly applied 
to threshed buckwheat,, j'x.'as, beans, flax and other crops handled in 
the Scune way 

The ripening processes of the ])lant consist largely in the transfer 
of soluble materials from the leaves and stem to the seed So it is 
found that seeds, in general, are rich in ])rotein, fat, and carbohy¬ 
drates, while the remaining portions—the straw are comparatively 
poor in protein and fat, although retaining considerable amounts of 
carbohydrates 7 'he larger part of the carbohydrates, however, 
usually is not digestible, being tough and woody in character. 

The fertilizing constituents of straw are not notably high The 
content of potash is UvSually highest of that of the three coiivStituents, 
nitrogen, phosphoric acid and potash. Thus, a ton of wheat straw- 

^Paper read as a part of the .sympcjsium oti “The F'orage Problem” at the 
meeting of the Society held at (Chicago, 111., November 12 , 1923 

'Agronomist in Charge of Eastern Wheat Investigations, Office of Cereal 
Investigations, Bureau of Plant Industry, Washington, D. C. 
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contains on the average about lo pounds of nitro^j^en, 2.6 ix)unds of 
phosphoric acid, and 14.8 pounds of potash. Oat and barley straws 
contain slightly more nitrogen and phosphoric acid and about twice 
as much potash as wheat straw. Rye straw contains slightly less 
nitrogen than wheat straw, but slightly more phosphoric acid and 
potash. The straws from cowpeas, soybeans, and, in general, from 
other legiuTiinous crops, are com])aratively high in nitrogen but not 
materially higher than wheat straw in phosphoric acid and potash. 
Soybean straw, for instance, Cf)ntains, in each ton, about t8 jiounds 
of nitrogen, 2.4 pounds of phosphoric acid and 17.8 jiounds of potash. 

It is seen, therefore, that straw is a substance of large bulk but of 
low manurial and nutritional values The problem is to utilize these 
materials in such a way as to conseiwe their valuable constituents at 
the minimum expense of handling. 

The following methods of making use of straw suggest themselves ■ 
first, using it directly as feed for livestock; ^second, using it for 
manure by adding it to the land either before or after decomposition; 
third, burning; fourth, using it in manufacturing; and fifth, making 
from it, hy different processes, a feed of higher nxjtritive value 
vSTRAW AS FEED FOR LIVESTOCK 
Straws and stovers arc the least nutritious of all substances com¬ 
monly used as feed for livestock. Such animals as can be maintained 
on straw are hardly more than able to keep alive for any considerable 
period on this material alone. Sometimes, when considerable grain 
is mixed with straw, it makes a fairly good feed, but this is on account 
of its grain content Utilized in connection with other feeds, how¬ 
ever, straw has a valuable feeding role and must be considered as of 

Table 1 —Straws and stovers. Total production, amount eaten hy hvestotk, and 
number of cattle each item would support for one year 

fooo omitted, except in annual ration) 

Theoretical Number of 


Forage 

Acreage 

Total yield 

Amount eaten 

annual 

ration 

(•attle each 
Item would 
support for 
I year 


Acres 

Tons 

Tons 

Tons 

Number 

Corn 


75,000 

25,000 

11 

2*273 

Oat 

40,361 

34,000 

10,000 

11 

900 

Wheat. 

73*099 

43,000 

4.300 

15 

290 

Sorghum, 

3*«57 

4.946 

2,473 

11 

225 

Barley. 
Cotton (seed 

«,oi3 

3,000 

750 

15 

50 

hulls). 

- 

1*143 

600 

12 

50 

Rye 

7*679 

5,000 

250 

15 

17 

Rice 

911 

911 

90 

11 

8 

Flax 

1,261 

315 

65 

11 

6 

Totals 


•<>7.315 

43*528 


3 * 8*9 
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considerable importance. In Table 1, the yields of the particular 
crops yicldinjT straw are shown, together with an estimate of the 
amount of each straw actually eaten, and the number of cattle that 
each would theoreticalh^ support for one year. 

Wheat and rye straws are usually considered as least valuable for 
feeding purposes Oat and barley vStraws are more valuable, as was 
indicated in statements above concerning their composition. They 
are also softer and more easily masticated. Of the common domestic 
animals, shec]) are best adapted to utilize straw Corn stover is 
more digestible than the straw of the small grains and seems to be 
more palatable 1)ut unless it is shredded, waste is veiy^ large. The 
labor of shredding or cutting may more than offset its greater digesti¬ 
bility 'Phe legume straws, although richer in protein and lower in 
fiber, and, therefore, more highly digestible, are usually coarse in 
texture and often have a rather unpleasant taste that tends to 
neutralize their other attractive qualities 

It may be said, therefore, that straw in general could be more 
wideh’ used as a food tor livestock where and when it is profitable to 
use it in connection with concentrated feeds that form the nutritive 
portion of the ration. 

The palat ability of straw is increased by cutting or grinding it and 
mixing, the day before feeding, with cut roots, one part of straw to 
() or 10 parts, by weight, of roots being advised In Australia straw 
chopjied in short lengths (called chaff) and treated with live steam is 
an important feed, especially in dry seasons. 

Fiii'DiNG Without Threshing 

According to estimates by the United States Department of Agri¬ 
culture, published in the Monthly Oop Report for February, 1917, 
the portions of the four principal small grain crops that were allowed 
to mature and were then cut but not threshed, that is, were used as 
feed in the straw, are as follows, wheat, 0.7 percent; oats, 7.8 per¬ 
cent; barley, t 3 percent; rye, 1.8 percent. It appears that oats 
are especially' desirable for this purpose, inasmuch as more oats are 
used in this way than all other crops combined This practice is 
especially prevalent in the Southern States, more than fifty percent 
of the oat crop being used in this w'ay in most of these States. 

This method of handling the oat crop has certain evident ad¬ 
vantages: first, expenses arc reduced by not threshing the grain; 
second, storage need not be provided for threshed grain, although 
space is needed for storing the grain in the sheaf, which would not 
be needed if the threshed straw were stacked in the open; third, 
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oats in the sheaf are more easily fed than ^rain and straw separately; 
and fourth, better utilization of the straw is obtained. It is believed 
that much of the oat crop could be utilized in this way, that is, by 
cuttin^^ the grain when ripe and then storing it in mows to be used 
as feed in the unthreshed condition. 

The value of oat straw- for feeding purposes depends largely ui)on 
conditions under which it was grown, as has ])een pointed out by 
Collins (2).’'^ The amount of albuminoids in the vStraw depends 
chiefly on the amount of nitrogen supplied to the root and the 
amount of nitrogen demanded by the grain. Jn general, the more 
nitrogen in the soil, the more albuminoids there wall V)e in the straw, 
although much depends on the‘ quantity of grain produced Good 
farming ])ractices, in which the soil is enriched by a])})liealions of 
manures, increase the albuminoid content of the straw', within 
certain limits, of course. The low^est figure obtained hy Collins for 
albuminoids is i i percent, and the highest 8 percent. vSamples of oat 
straw' from different districts in England and vScotland varied in 
average albuminoid content from 2.7 ])ercent, to 4.4 ])ercent. 

wSugar content in straw' also may vary widely. This is not de¬ 
pendent so much on soil condition but is largely dependent ufion 
weather conditions at time of harvest, and also U].)on storage ctm- 
ditions Fine weather during harvest appears to be essential for 
obtaining high percentages of sugar. Sugar gradually disapfiears 
from the .straw after harvest, the loss being proi)orti()nal to the 
moisture content. , Under average conditions, high .sugar content is 
not common, but under careful management, six-month old straw 
has been found very rich in sugar The highe.st total .sugar content 
reported by Collins is g 7 percent, and the lowest o 3 percent The 
feeding value of oat straw', therefore, may be quite high under certain 
conditions and comparatively low under other conditions 

ADDINU; TO LAND 

The manurial value of straw is w^ell known and need not be especial¬ 
ly emphasized. As indicated by analyses and by field experiments, 
straw' and manure made from straw' are low^ in phosphorous and for 
best results should always be reinforced or supplemented wdth this 
element. Used in this connection, there is no better fertilizing 
material for general use than manure. While fanners generally 
recognize this fact, nevertheless, it should be continually emphasized, 
as there is doubtless great waste of valuable fertilizing materials on 
many of the farms of the country. 

*Re£erencc by numlnT is to “Literature Cited," p. 223. 
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A])i)is(. Straw to the Soil 

Experiments eonducted by Scott (12) in Kansas showed that heavy 
applications (four tons i)cr acre) of straw to wheat growing in the 
field retarded growth tlie following spring, delayed the ripening of 
the grain and reduced the yield, except on soils having a high nitrate 
content when the straw was applied. Eour tons of straw per aerre 
worked into the surface six inches of uncropped soil resulted in a lower 
nitrate content the following spring, but during the summer the 
accumulation of nitrates was equal to that in the untreated ]dats 
Two tons of straw handled similarly <lid not Iovxt the nitrate content 
of the soil the following sjiring. 

From the results obtained by Murray (10), working in Washington, 
it apyiears that straw added tf) the soil stimulates the reproduction 
of bacteria tind that they use the straw as a source of carbon and the 
soil nitrates (or in some cases ammonium sulfate) as a source r)f 
nitrogen. The nitrates are thereby transformed to organic nitrogen¬ 
ous material, and are lost for the time as available plant food, but 
are not lost pennanently to the soil. 1'he larger the application of 
straw, the greater the development of bacteria and the more intense 
the action 

SiR\ vv As Men H 

The application of straw as a mulch to winter wheat has been 
practiced in some ])laces Under severe conditions, as re])orted from 
the* South Dakota Station (3), a light application, not exceeding 
two t ons of straw ]ler acre, has given good result s ()t her re] )ort s also 
indicate that a straw mulch oftentimes will ];rotect the wheat from 
very severe winter conditions, but that it must not be added in too 
large (]uantities, as mure harm than good will result on account of 
smothering, and possib]>’ by reduction in nitrates. 

BURXixe; 

In i()i4, CvStimates made by the United vStates Deiiailment of 
Agriculture and ]iublished in the Oflice of the Secretary Re])ort No. 
1 12, indicated that about 15 ])ercent of the straw of the small grains, 
or 17,613,000 tons in all, and 3.7 jiercent, or 9,000,000 tons, of the 
corn stover were burned. Straw is burned chiefly in sections of the 
country where the livestock population is small and where it does 
not seem to be es]jccially advantageous to add it to the land U nder 
such conditions, the practice of burning straw may be* the best 
method to follow: although, in general, it ajipears to be a wasteful 
procedure. 

Bvrninc. Straw and Sit hhlk and PL()v\iN(t ir Under 

On the dry lands of the western United States where fallowing is 
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practiced, difficulty is frequently experienced in cultivating fallow 
after a heavy growth of stubble and straw is plowed under. In 
eastern Washington and eastern Oregon, wheat is customarily 
harvested with the combined harvester, which leaves a large part of 
the crop growth on the land in the form of stubble. Most of the 
strav^ which goes through the machine is likewise left in piles or wind¬ 
rows in the field. In this vSection of the country, therefore, the 
farmers quite generalh^ burn the straw and stubble before plowing. 
This may be done either late in the fall or early in the spring. 

At the Ne])hi, Utah, substation, an experiment (13) has been in 
l)rogress since igi6 to determine the comparative effect on the yield 
of wheat of biirning the stubble and straw on the land and of plowing 
them under. J^our methods of handling the stubble and straw were 
compared with ordinary fall-plowed fallow. I'he methods compared 
were (i) all straw })lowed under, (2) all straw bunied on plat, (3) grain 
headed high and stubble ]3lowed under, and, (4) grain headed high 
and stubble burned. vSlightly the highest average yields in the 6-year 
period, 1916-1921, were produced where all of the straw was burned, 
and slightly the lowest where all the straw was ])lowed under The 
difference between the highest and the lowest average yield, however, 
was only one bushel j)er acre. Nephi is located in the dr>^-farming 
area, the average annual preci]Station being 13.33 inches. Although 
the data at hand artJ not sufficient for safe conclusions, even for the 
particular locality concerned, it is apparent that the yield has not 
been reduced by burning the straw and stubble, neither has it been 
increased by ])lowing them under, 

USINC'. STRAW IN MANUFACTURING 

Over ] 50,000 tons of wheat, rye and oat straw were used for making 
wrapping paper and strawboard in the United States in 1908. Ap¬ 
parently it is ver>' little used for fhe manufacture of bleached paper 
pulp for news and printing pa])ers. Rye straw w'as used considerably 
for this latter tmrpose some fifty years ago. There may be some 
increase in the use of straw for paper making in the future, but it is 
improbable that there will be any large increase in the near future. 
Rye straw is used for certain special purposes, such as making horse 
collars, packing furniture, crockery, and nursery stock, and in foreign 
countries for thatching cottages and in a variety of other ways. 
It does not appear that any large increase is in prospect or possible 
in these directions. 

PRODCC I’K^N Oh Gas BV THh DESTRUCTIVE DISTILLATION OF STRAW 

During recent years, numerous experiments have been conducted 
in the United States and Canada on the production of gas by the 
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destructive distillation of straw In order to obtain additional in¬ 
formation on this subject, straw-^as equi])ment was set up at the 
Arlinj^ton Ii)x])eriment T''arm of the United States Department of 
Agriculture 'Fhe rc;sults of th(‘ experiments conducted on the 
production of gas from straw have recently been ])ub]ished (11) 

Thesti ex])eriments have shown that straw gas can be jiroduccd 
for heat, light and power, but that the production of such gas 
farms is not jiracticable at the ])resent time. In arriving at this 
conclusion, the cost of ])roduction including cost of equi])ment, raw 
material, labor anrl depreciation have been taken into account. 
It is possible, howow^r, that the manufacture of gas from straw under 
certain conditions might be ])rofital)le and feasible The possibility 
of develo])ing community gas jdants for towns and villages in sections 
where there is muc'h waste* straw should be carefully considered. 

In this ])rocess dr\' straw or similar material is heated in a closed 
container in much the same* manner and for similar ])urposes as coal 
is heated in making coal gas 1'lie products of this distillation are 
gas, tar, anunonia, and carbon char or residue. A satisfactory gas 
has been made fnmi matn waste \egetabU* ])roducts, including 
'wheat, f)at, flax, barley, rye, rice, and other straws, c(jrn stalks, 
com cobs, sawdust, and other cellulose material As heat is applied 
to the retort gas liegins to come otl when a teni])erature of 200® C 
has Vieen reached, vith a maximimi ])roduction at a tenqierature of 
about 500” C After being cleaned by ])assing through water and 
coke or charcoal, this gas is stored in the ordinary water-seal gasom¬ 
eter. 

A ton of .sun-dried wheat straw will ])roduce approximately 10,000 
cubic feet of ])urihcd gas, 625 ])ounds of carbon residue, 10 gallons 
of tar and a large* quant it}' of ammoniacal liquors Tin* gas has a 
heating ^'alue of 400 British thermal imits per cubic foot d'he 
combustible constituents are carbfm monoxide, hydrogen, and meth¬ 
ane. It can be used in gas stoves, heaters, and for lighting purposes 
in gas mantle lanqis. It is satisfactory as a source of l)o^^'er for opera¬ 
ting stationary internal-combustion engines. It has also been used 
for mnning automobiles, the straw gas being carried in a flexible bag 
containing about 300 cubic feet, a quantity sufficient to run the car 
15 miles. It will not be practical for this i)ur})ose until the gas has 
been compressed or condensed sufficiently to permit its being carried 
in a satisfactory manner. The gas also can be used at once after 
it is made for generating additional gas from straw, about 3,000 
cubic feet being required to carbonize one ton of straw, which 
produces approximately 10,000 cubic feet of tnirified gas Hie gas 
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from a ton of straw is equivalent in heating value to approximately 
37 gallons of gasoline. 

As stated above, in some sections of the country large quantities 
of straw and com stover are burned. The quantity disposed of in 
this way was estimated in 1914 as 26,613,000 tons. This amount of 
straw and stover would produce more than 175,000,000,000 cubic 
feet of gas if one-third of the crop were used to carbonize the remainder 
(assuming the quantit>’ of gas produced from the different straws 
and corn stover to be the same as that from wheat straw). This 
quantity of gas would be equivalent in heating value to about 650,- 
000,000 gallons of gasoline. In addition there would remain large 
quantities of more or less valuable by-products 
PROCESSINH^, STRAW 

Straw is made much more digestible by chemical treatments, 
known as “processing.” The basic principle of the methods which 
have been successfulh^ employed up to the present time is hydrolysis 
of the chemical comiiounds of the straw, usuall\' with soda or sodium 
hydroxid. In Cicrmany, much attention was given during the war 
to methods of improving the feeding value of straw and other ma¬ 
terials of relatively low nutritive v^alue. A('(‘ording to one report, 
10,000 tons of straw were processed in different ways in ont* mf)nth 
in i9i(S This was used in place of im])orted feeds on which the 
livestock industr^^ previously had been largely de])endent 

A number of publications, only a few of which can be mentioned 
here, have been issued within the last few years dealing with methods 
of processing straw' and other materials, and with methods and 
results of feeding the product Hiltner (5), in connection with a 
discussion with special reference to war conditions of the forage 
products, cultivated and wild, available in Cicrmany, discusses the 
methods of treating straw to make it a desirable feed Magnus (9) 
discusses the development of the practice of processing straw and the 
action of caustic soda on straw, and describes the methods used in 
processing and in analyzing the product 

In one of the oldest methods, straw is cooked in an open kettle for 
six hours in a caustic scjda solution by means of steam at not more 
than .5 atmosphere pressiire. One part of caustic soda is used for 
each 10 parts of straw After cooking it is necessary to wash out the 
alkali, by which process about 30 percent, of the organic substance is 
lost. The starch Value of the remaining product, however, is reported 
to be more than three times that of untreated straw. 1'he process 
is reasonably easy of application, but rather expensive on account 
of the large use of lye. 
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Various other methods have been tried, in which straw is cooked 
in soda, caustic soda, or caustic lime solutions without pressure, or 
under steam i^ressure u]) to 5 -6 atmosphcTcs When pressure is 
applied the quantity of soda used may be reduced to as low as two 
percent. When so reduced, it is not necessary to wash the product, 
but lower digestibility results Other processes, making use of acids 
and chlorine gas, were tried during the war, but apparently have not 
given go(xl results in rendering straw more digestible 

(Jne of the most recent and apparently the best method is the 
patented Beckmann ]jroccss (i), in w^hich cooking is not required 
In this process, fiiK^ly cut straw is covered with eight times its weight 
of 1/2 percent caustic soda (Naf)TT) solution. After standing four 
hours, the liijtnd is poured oft and the processed straw washed to 
remove the remaining alkali The recovered liquid contains about 
half the original NaOH and can be used for the next batch of straw 
by adding the proper quantit\ of fresh NaOH solution New solu¬ 
tion must be used for the fourth batch, however, ])e(‘ause of accumu¬ 
lated lignin material in the solution 

1'h(' action of the materials u.si'd in ])ro('t‘SvSing, whereby the straw 
IS made more* digestible, is de\(‘U>])ed m detail by Magnus. It 
consists briefly in removing or loos(‘ning the lignin and other sub¬ 
stances that proU'ct the cellulose of the cells A])parently, complete 
removal of the lignin is not necessary, the esscmtial action being the 
softening of the (‘rude fiber and breaking down the strong connection 
lietween lignin and ('cllulose That treatment is best which, in the 
shortest tinu' and with the smallest ciuantity of chemical, remiwcs 
or loosens as much of the lignin as jiossible, with minimum loss of 
organic' matcTial From this standpoint the c'old jjrocess is jirefeiTcd, 
since it remox'c's more' lignin and c'auses l(‘ss loss of the digCvStible 
organic' substances than the ])ro(X‘,ss invoKung prc:ssure and high 
tem]HTatures Boiling for three to five hours, withcjut pres,sure, in 
S 10 ])cncenl solutions of soda (sodium carbonate) or c'alcium oxid 
gave nearh’ as g(K)d rc'.sults, hciwever, as the Bec'kmann ccjld process 
with caustic' soda Methods m which these' materials are used have 
the advantage that lioth soda and quick lime are much more easily 
and safely shipjied and handled than camstic wSoda. 

Results of a number of im^cstigations on methods of feeding, di¬ 
gestibility, and cdicmical analysis of jirocessed straw ha\'e been 
published in the last few >'ears, especially by (jcmian authors. This 
feed, like the straw from which it is made, is low in protein and fat. 
That made with stremg caustic soda lye solution, which therefore 
must bo washed, and that processed at high temperatures under 
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pressure are especially low in these substances, as the small quantities 
which are originally present are largeh^ washed away. The washing 
also tends to render the feed tasteless and it is not readily eaten by 
stock. Honcamj) (6) concludes that hydrolysis under pressure 
results in greater loss of organic matter than cooking in open vessels. 
When prepared by some of the methods the taste and smell are re¬ 
tained and the feed is more palatable 

Because of its low protein content, this feed is best used for oxen 
and work horses, but sometimes is fed to other animals. Mixing 
with molasses and ground lupine seeds (with the bitter principle 
extracted) gives a better balanced and more palatable feed Sub¬ 
stantial increases in digestibility of cereal .straws result from treat¬ 
ment with sodium hydroxid, but only slight increases occur in straw 
from seed beets, rape and peas. Processed straw is fed in wet or 
moist conditions, containing usually 70 t() 80 percent of water It 
should be fed within jo 14 days after being treated, as it does not 
keep well 

Kling (7) has reported the chemical composition of straw ])n)cessed 
by the (V)lsmann method, according to analyses b} several investi¬ 
gators, as folleu's’ 

Tahi.e 2 —Average compositiou of :strird: proiessed by the Colsnuirni method, as 
determined by Retsch, Koshii, nod M Schtfwgtr, 



Reisch 

Koslui 

M SchmogtT 


1 

11 



Water . 

69.2 

80.7 

75 

Dr\ substance 

Crude protein 

* 7 

1.1 

03 

2 1 

Crude kit 

0 2 

O.I 

0 .> 

1 2 

\-free extract 

« 2.6 

2 3 

7 6 

24 6 

Crude fiber 

24.8 

14-5 

16 0 

68.0 

Ash 

1-5 

1.3 

0 8 

4 1 


Fingerling and Schmidt (4) have detennined the digestibility of 
rye straw treated by the Beckmann process, described above, for 
different periods The straw was sup]:>lemented by linseed meal, 
various salts, and in some cases molasses. 'Fhe following are the 
averages of the digCvStion coefficients for each jieriod of treatment. 

Table 3. —Averagt digestion coefficients (ruminants) for rye straw hydrolyzed with 

sodium hydroxid. 

Duration of hydrolysis 

\o treat- 1.5 3 6 12 3 

Constituent niont hours hours hours hours days 

]\Tc*t‘nl IVrcenl Percent Percent Ih'rcent ]\*rcent 

Organic matter 45 59-33 68.05 70.2H 7122 73.10 

Crude fiber . . . 5H.02 69.21 77.50 79.7H 80.94 72.25 

N-free extract. . . 40.15 48.10 57.58 57.28 60.30 78.52 

The composition of the different samples of straw also is reported. 
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Several different forms of apparatus have been devised for manu¬ 
facturing this processed straw. Many of these devices were installed 
in Germany during the war. (Jne device, costing 9,000 marks in 1917, 
had a 24-hour capacity of about 4,400 pounds of straw. The cOwSt of 
manufacture of processed straw was about 21 cents (at normal ex¬ 
change rates) per hundred pounds of finished product, not counting 
the original cost of straw. The cost as reported for other methods 
appears to be considerably less, but it is not clear just what is included 
in the cost 

Another matter that seems worthy of note in this connection is the 
report by Lehman (8) that processed straw, to which timmonia was 
added, was inoculated with fungi and the ])ro1ein content increased 
from 4.35 jicrccnt to 11.02 percent. 

These methods for hydrolysing straw a])])car to be promising. I'liat 
they are jiracticable under certain conditions was demonstrated in 
Gcnnany during the war The whole matter sliould be investigated 
in this country, in order to determine the usefulness and practicabilit}" 
of the methods undc'r our conditions l^arge ({uantities of straw are 
wUvSted in some parts of the countr>' If the feeding value of this 
straw can be increased two or three times, as seems jiossible by these 
treatments, it may be ])rofitaV)le under ('crtain cemditions to install 
necessary apjiaratus and, through the manufacture of ])rocessed 
straw, to develop the livestock industry in regions where' the straw 
is available 
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6. THE POSSIBILITIES IN NEW FORAGE PLANTS* 

(\ V. Piper- 

It is a tntc and olivious remark It) sa>^ that new forage plants, 
novel either as to introduction or to utilization, have in the relatively 
recent past (‘ontribuled greatly both to the potential and to the 
actual forage jiroductioti of the nation It is necessary to recall but 
a fcAv im])ortant examples 

I\'\vST ACHIEVEMENTS 

Alfalfa was introduced into ('alifomia in 185 j, and until about 1870 
spread only gradually Since 1885, it has been the premicT forage 
plant of the whole region west of the Q5th meridian 

vSorghum was first widely distributed by the Patent OOk'c in 1857 
Jt became a (Tojj of major imjiortance with th(‘ develojirnent of the 
relatively dr}' regions from Kansas to Texas bc^ginning about 1890. 

Japanese' lesiiedeza was first found in the United Stales in 1846. 
During the Civil War it became widespread, and has become more 
and more imjiortant since that time 

Soybeans were introduced as early as 1829, but received little 
attention until a second introduction in 1854. The cro]) became of 
some importance beginning about 1885, but it is only in the past 
few years that it has gained large favor, as the rajiidl}^ increasing 
acreage shows 

Sudan grass, introduced in 1909, gamed alm(>st instant favor, and 
its importance has steadily increavsed. 

Velvet beans, brought to Florida ])rior to 1875. were not used as 
forage until about 1890. The develo]>ment of earlier varieties 
brought about a great increase in the use of this cro]), beginning about 
1917 - 

Sweet clover, early introduced, known mainly as a wayside weed 

^Aiistract oi address at opening of symposium jirogram, Chicago, Ill., November 
12, 1923. 

^Agrostologist in charge of Forage-croj) Investigations, Bureau of Plant In¬ 
dustry, U. vS. De[)arirnent of Agriculture. Washington, D. C. 
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and honey ])lant, but neglected as forage, suddenly j^ained favor 
about 1912, and since then its increased utilization has been notew( >rthy. 

{sunflowers were practically not used at all until the Montana Ex¬ 
periment vStation in rgic; ])ubhshed their findings that sunflowers 
make ^ood silage. Wherever sunflowers will make decidedly more 
tonnage than corn they bid fair to rejilace that cro]) for silage 
Schoth’s discovery that a little salt added makes the silage much more 
jialatable is im])orlanl 

Confining, for the moment, the discussion to the above mentioned 
crops, there is more to b{‘ said 

More intensive studies of alfalfa led to the detection of better 
varieties, better at least for certain areas. Such include Crimm 
alfalfa and Peruvian alfalia 

With the sorghums the n'sults are far more* striking, as witness the 
numerous \'arieties now grown, many of them of recent introduction, 
such as milo, kaiir, feUTita, hcaiey sorgo, et(‘ 

1'he stu(h' of soybeans lias rev(‘aled the* existence of a large wealth 
of varieties. th<‘ best ()f which have added greatly to Iht' potentiality 
of the ero]) 

Of A'elvet beans, there are now known about 15 species, and many 
varieties derived both by hybridizing and by mutation 

Ja])an(‘se k'Sjiedeza consists of man\ varietii's, as Essary of d'en- 
nessec has discovered, some of tlumi far vSU])enor to the ordinary form. 

The numerous S])ecies of Mcl 1 loins are also i>eing carefully studied 
and at least one of them secmis to be a decid(‘d acejuisition 

• P'UTrkK IH)SSIBlLlTIl!:S 

Even if one admits all that precc'des, is it logical to expect any 
eoni]jarable results in the future" Let us viev the .sulyiect broadly 
There are known to botanists about 10,000 species of legumes and 
about 6,000 species of grasses Of more than half of these, little is 
known excejit such characteristics as the dried specimen reveals. 
To assert that out of these enormous numbers none will be agri¬ 
culturally valuable in the United States is highly imjirobable. Vet 
there is a constant tendency to magnify the importance of the 
knowledge now possessed, and to doubt that there is much more 
that will be discovered Pertinent data on this aspect of the case 
will be ])resented later. 

A second point deseiwes consideration All of the tame hay and 
pasture lands of the United States are introduced plants, sat'e only a 
solitary native, western wheat-grass. Com, our most important 
forage plant, is of American origin; but, like all other plants cultivated 
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by the Indians, it is an intertilled crop. In studying the geographical 
origin of the hay and pasture plants now used in America, the following 
points are clear and the exceptions few. All northern hay and 
pasture plants originated in the region extending from Persia to 
eastern Europe. Practically all southern hay and ]^asture plants 
are of tropical or subtropical origin. California is much like the 
Mediterranean region, and probably 8o percent of the forage on 
California ranges is produced by plants of Mediterranean origin. 

The Northwest C^oast region is more like western Europe than any 
other portion of the United States. Main' liuro])ean ])lants which 
thrive aggressively there are almost unknewn elsewhere in the United 
States 

Cur great interior prairies and steppes resemble closely similar 
regions of central Asia. From thence come alfalfa and sweet clover; 
also the weeds Russian thistle, n.sy saltbush, tumbling mustard, 
broncho grass 

The data are of importance as indicating where new ]jlants are to 
be sought for use in any particular part of the United v^tates 

A third point to be remembered is that plants useful for forage are 
very numerous To be of value, a particular ])lant must l)e better 
than something already ijossessed Indeed, a better forage may 
largely fir wholly replace another, just as the sorghvmis rei)laced 
teosinte and pearl millet and as vSudan grass is limiting the usefulness 
of the millets. 

A further point that must not be overlooked is that in all regions 
with a primitive agriculture, forage crops as such are not grown 
The animals in such regions depend on croj) refuse or on wdld herbage 
or both 

REC'EXT INTROUrC'TlONS 

As bearing on the above considerations, the success with some 
recently introduced forage plants is pertinent It may be easy to 
overrate thc' importance of a new plant until such is actually demon¬ 
strated by results, but this is inevitable. Only a few of the newer 
things arc mentioned and several very new but \'ery yiromising 
introductions are omitted. 

(bANl BkKMUUA (Tk\SS 

There were obtained from Brazil living plants of a Bermuda grass 
that grows about twice as large as ordinary Beimuda. "J'he pre¬ 
liminary tests showed that it yielded about twice as much as ordinary 
Bermuda, and this is borne out by the experience of Mr. A. P. Borden, 
of Pierce, Texas, who now has about 200 acres; Mr. James Bright, 
of Miami, Florida, and The Kicco Cattle Company, of Kicco, Florida, 
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each of whom have extensive* plantings In Hawaii also it is very 
productive. All this grass is pro])agatcd vegetalively, as the ]jroblem 
of producing seed is not yet solved. For this reason, the i)rogress 
of the grass has been slow, but for many tyjies of soils from Florida 
to Texas it would seem to be a grass of outstanding value It is not 
at all hardy and probably will be of no value far north of the Clulf 

CoavSt. 

Othkr Bkkmi n\ ('jKassk.s 

After securing (liant Bermuda grass it was thought desirable to 
investigate other species. Of these, five have so far been secured 
Cynedon incomplcius, the Bermuda of South Africa, looks very 
])romising Tw^o species from Central Africa, C\ plcctosiachyus, 
called “star-grass,” and other species not >'et identified, are without 
rootstocks and maki* even more luxuriant gnnvth than Oiant Ber¬ 
muda. Forsoiithern Florida thc'se last tw^o seem to be great assets 

KoKEW LEsf*EI)E/\ 

Main’ years ago, all the lespedezas obtainable were secured from 
Asia in the hojie of finding relatives of Japanese lespedeza that were 
of comparable or greater value. The collection wtis ytny interesting 
botanically In i()2i, there w’as received a jXickage of seed from 
Korea, wdiich proved to be Lespedeza stipulacca, a sjiecies closely 
allied to 7 .. stnata, tlie so-c'alled Japan clover i'wo }'ears’ stuch’ of 
Korean lesjiedeza leads to the conciusion that it is a great find and 
will be to northern pastures w'hat Japanc'se les])edeza is to southem 
pastures. 

Ml N<. Bev\ 

The mung bean wtis ver\’ long ago introduced, but has ne\’er been 
of real importance*, as both the cow’pea and soybean are superior. 
The introduction of the Mexican bean beetle bids fair to make a 
revolution of the* mung necessary. It is immune to the beetle, w’hile 
the cow^pea and soybean suffer severely This factor ma\’ make it of 
much importanc'c. It is a good forage ])lant wnth exc’cllent seed 
habits. 

Hi Vku h 

In extensive exiieriments wdth species of ^’etch m Oregon, several 
have been found to be of much promise. Some yccirs since, the 
vetch aphis proved very destructive to common vetch, but the 
Hungarian vetch is immune. This factor has made it ini})ortant, 
but in itself it produces highly satisfactory >delds of hay and of seed. 

Bahia (iRass 

Some years ago there w^as introduced from Brazil this grass, 
Paspalum notaium, which is splendidly adaxited to Florida and the 
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Gulf Coast region. It holds the ground persistently, but spreads 
very sloAyly. I^'or some reason which is not yet clear, the seed is not 
very satisfactory. Recently, it w^as discovered that this grass is 
the common pasture grass of western Cuba, and it is strange that it 
did not become introduced into the United States a long time ago. 
In time, it will probably cover all the well-drained lands of Florida. 

Molasses Grass 

This is the famous pasture grass of Brazil Several years ago, 
experiments showed it to be well adajited in Florida on nearly all 
soil types, even sand hills, provided the soil was well drained Un¬ 
fortunately, in the original trials, cattle refused to eat the grass. 
Recent experiments have been highly successful both as regards the 
grass and the cattle. The latter must in many cases be taught to 
eat it—a parallel case to that of sweet clover In the southern half 
of Florida, the grass j^roduces abundant seeds, but the season is a 
little too short northward This grass will undoubtedly prove of 
high value 

It will be noticed that a large proportion of these introductions 
arc for the South. It is to be remembered that the North inherited 
its agiTculture, particularly its forage ]Jants, from Europe', and 
plants ada].ited to this zone have been far more studied than tropical 
or subtropical ]jlants Hence greater op])ortunities exist in the latter 

So far as the westem lands are concerned, there is every reason to 
be ho|)eful that Central Asia, when agriculturally e'xplored for grasses 
and legumes, will yield species that will be of great value, cs|)ecially 
pasture jilants. There is no reason why plants from Asia should not 
be relatively as valuable in the West as bluegrass and white clover 
are in the North, or Bermuda and les])edeza in the* South Gne 
Asiatic grass, namely crested wheat-grass, is already showing much 
promise. A thorough ex])loration of ('entral Asia for grasses and 
legumes is one of the things greatly to be desired 

7. THE FUTURE OF THE SOYBEAN AS A FORAGE CROP' 

J. C. Hackleman*^ 

Before discussing the possibilities and probable future of the 
soybean, a comparatively new legume in com belt agriculture, it 
seems advisable to review first the growth of all legumes and observe 
the general tendency. 

iPapcrread as part of the syniposium on “The Forage Proi>k'm“ at tlu* nieetmg 
of the Society held in Chicago, Ill., November 12, 1923. 

^Professor of Farm Crops Extension, University of Iliinois, Urbana, 111 . 
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Red clover is the most important legume, in jjoint of seeded acreage, 
that is grown in the United States. It makes excellent jiasture, is 
good for hay, and, under favorable conditions, is a highly valuable 
green-manuring croj). In that portion of the United States which is 
sometimes referred to as the red clover belt, there seems to be a 
distinct tendency toward smaller and smaller acreages of this import¬ 
ant legume, with a corresponding increase in the amount of alsike. 
The explanation seems to be that it is getting more difficult to get a 
stand of red clover, consequently farmers are inclined to the use of 
alsike This tendency is es])ecially noticeable in mixed hay and 
pasture acreages In the recent census approximately one-third of 
the hay and forage acreage in the United vStates is listed as clover and 
timothy mixed 'Fhis acreage was ])erha])s seeded with a mixture, 
but the tendency is in the direction of a jnire culture of timothy by 
the time the hardest is reached 

The corn belt stales and Minnesota. Wisconsin and Michigan 
have slightly more' than c; 1 acres out of every 100 acres of improved 
land in legumes Omitting the states of Michigan and Wisconsin 
from this average, there is slightly more than 6 4 acres of legumes 
per 100 acres of imiiroved land When it is understood that this 
average includes the annual legumes, as well as alfalfa, it must be 
ap])arent that the l(*gume oc'cju] 3 ies too small a pro]X)ii:ion of (.nir 
cropped lands. 

Table i gives the pc*rcentages of the different legumes to the total 
acreage of hay in the corn bedt states as rcqiorted for igoo, ic;io and 

IQ20 

Tahij« I -Shoicniii prr(i of legunit‘i> to total hay a(na^cs in the lorti hHt 

states in iqoo, iqio, and jqjo 



Timothy 

er 

('lov<T alone 


Mfalfa 


Annual 

vStale 

mixed 







legumes 


igio 

IC) 2 () 

ICjCK) 

1910 

1920 

1 goo 

igio 

192 

0 1920 

Illinois 

26.6 

28.5 

10 H 

»5 7 

17.1 

027 

0 58 

5 

2.5 

Indiana 

20 9 


51.8 

1.5 5 

16.8 

0 05 

0 87 

5 1 

0.9 

Iowa** 

60.7 

55 *2 

,5.2 

4 «i 

8.8 

0.02 

0.72 

5.5 

0.2 

Michigan 

62.7 

^57 

9.69 

6.4 

4-5 

0.04 

0.25 

2.6 

0 2 

Minnesota 

45-2 

49-5 

2..56 

5 b 

5 

0.02 

(^.12 

2 5 

f >.5 

Missouri* 

45 -’ 

.^1 6 

108 

7.9 

b 5 

0 06 

1.00 

5 5 

1 7 

Ohio 

51.9 

59 3 

20.40 

5 b 

8.2 

0.(39 

0 92 

51 

0 I 

Wisconsin. 

66.4 

6« 4 

8.48 

4.6 

b .5 

0 02 

o.6g 

2 4 

0 1 


^Missouri had a hoo.ooo-acre U>ss m the cullivatecl ha\ acreage; the mixed 
clover and timothy aen^age was reduced by 650,000 

*’'‘Iowa had a 937,(K)o-acre loss in the cultivatc<i hay acTc.'ige, the mixed clover 
and timothy acreage was rediu'ed by 74I,(KK). 


Throughout the com belt, the dairy section of the north, and the 
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eastern i)ortion of the United vStates, the fi^eneral tendency toward 
more alsike clover, esipecially in mixtures, is largely traceable to the 
lack of lime. Since more than half of the tillable land of the twenty 
or niore states in this general section is seriously in need of lime, the 
seeding of clovers becomes more and more precarious. 

This was the condition prior to 1915. With the war and its conse¬ 
quent demands for increased food production, there came a still greater 
reduction in the legume acreage, until at the conclusion of the war 
in igi8 the legume had practically been crowded out of thousands of 
farms throughout the c'orn belt With th(' readjustment of farming 
systems after the war, the legume naturally came in for consideration. 
Realizing the seriously depleted condition of the soil and, in addition, 
facing a demoralized world market, famicTS began to listen more 
favorably to the rec(^mmendations of the various state agricultural 
colleges and the United States Department of Agriculture, and to 
search for and make more liberal use of the legumes that were adapted 
to their fanning systems With an already reduced limestone 
content in the soils of the region under discussion, the intensive grain 
farming during the war left these soils in a still worse condition at its 
conclusion. This, coupled with an unfavorable economic condition, 
made it neccs.sary for many farmers to look for acid-tolerant legiunes. 
The cowi)ea fits such a need, and has been po])ular throughout the 
cotton V)e]t for many decades. The farmers of the corn belt, however, 
required a somewhat different legume, and consequently v^ere ready 
and willing to adopt the soybean. The dtita for Illinois, shown in 
Table 2, may be considered typical of what ha])])ened generally 
thnmgh this section of the United States 


Table 2 ’Showing ihange in acreuf^es of urtnin hay crops in Illinois. 


(^lf)ver alone , 

Clover with limoths' 
Alfalfa 

wSoybcaris alone 
Soybeans with other crops 


igm; 

1919 

1925 

Acres 

Acres 

Acres 

4 - 27,957 

50744.'^ 


827,625 

« 37,«.'^3 



88,968 

156,000 

300 

3,288 

229,000 


36,000 

426,000 


The increase in the acreage devoted to the soybean crop each year 
since igj8 is nothing short of ])henomenal. In fact, this is probably 
the greatest change in an agricultural practice in the history of com 
belt agriculture 'I'his remarkable increase is traceable to at least 
four factors. First, the campaign which had been conducted in all 
states to increase 'the legume acreage was beginning to bear fmits, 
and the farmers were looking for a satisfactory legume. Second, the 
oat crop seemed to offer less financial returns each successive season 
and became less popular throughout the com belt, and the fanners 
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began to search for a substitute for this crop Third, because of 
this phenomenal increase in acreage, seed production could not keep 
pace with the demand, and therefore prices were maintained at a 
comparatively high figure, making seed production attractive. 
Fourth, the comi)arativeh' few farmers who had been producing and 
using soybeans on their fanns were finding them excellent feed and 
all reyjorts of feeding trials at ex])eriment stations had shown the crop 
to have great merit as a home-grown feed 

During this period of ex])ansion little or no ^ime was given to a 
fundiunental stud>^ of the soyl)can crop to determine its real value and 
to ascertain its i)roper place in the fanning system. 

Considerable em])hasis has been given the fact that this crop grows 
well on sour soils where clovers fail While soybeans are quite acid- 
tolerant, it is nevertheless tme that the crf)p responds readity to 
applications of limestone This is show^n by Table 3, wdiich sum- 
mari/.es data from the soil experiment fields scattered throughout the 
state of Illinois, and indicates the response of the soybean to applica¬ 
tions of agricultural limestone 


Tmii.k ^ Showma, yn‘I(L\ of soybean hay from dijfennt ^oil treatments on different 

}»oil types in Illinois 

i Vi<‘l(K oxpri'ssed as tons of has pei acre.) 


\uhi1kt 
nf v\" 

S(‘il t\ p(‘ 

NnmlKT 
of crop'* 

XoiR 
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Manure Manure'* 

^^anure- 

p« Tin lent 
fiH(K 

2 

V(’ll<»\\ ^ra\ -.lit 
loam (tinif)cr) 

(1 

Oi) 

8() 

hme 

I 37 

liine- 

phosphatc 

I 58 

4 

Gray silt loam on 
tight (‘lav 

18 

7 « 

.Kf> 

I 28 

t 34 

9 

Brown silt loam 

^7 

r43 

I 6r 

I 70 

T 81 

1 

Light gray silt loam 
on tight cla> 

2 


I 10 

I 58 

1*54 

I 

I )iiri(‘ sand 

() 

Q(^ 

I .o,s 

I 41 

I 35 


These data, gathered over a period of from three to ten years, are 
proof that w^hile soybeans wdll make fair yields on acid soils, applica¬ 
tions of limestone are beneficial to the production of this croj) The 
data in Table 4, also from the soil experiment fields in Illinois, show?' 
the beneficial effect of limestone in seed production of soybeans. 

If the soybean is to lie recommended to com belt farmers, they 
should at the same time have their attention called to the amounts 
of lime used by this crop and the fact that applications of limestone 
arc profitable. Table 5 shows the amount of limestone used per ton 
and per acre by some of the common legumes, under Illinois con¬ 
ditions. It is easily to be seen that the continuous growing of soy- 
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beans will rather rapidly reduce the lime content of an already sour 
soil. 


Tahle 4 ' -Showuii^ yields of soybean seed from different treatments on different 
soil types tn Ilhnots. 

(Yields (‘xpro.ssed as Imshels <>f seed per aere ) 


Number Number of 



Soil tn'atment 

of cx- Soil type crop tests 


Residues Residues 

Residues Residues 

periment 




and 

limestone limestone 
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hmc'stoni' 

and fihosphate 
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11 Brown silt loam 





potassium 

42 

14 4 ‘ 
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G « 
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6 Gray silt loam on 

tijjhl ('lay 

62 

6.0b 
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9 .H 

98 11.5 

2 Yellow gra\ silt 





loam (timiuT) 

9 

3.4 

3*9 

8 S 

9.b 9 3 

1 Y(' 11 ()W silt loam 

0 

2.3 

2 5 

4-3 

5 0 4 b 

J Yellow ^ray sandy 



loam 

2 

7.4 

7 H 

9 3 

9.4 9.2 

I bight gray silt 





loam (tight clay) 

6 

5-1 

() 0 

9.8 

10.2 10.4 

1 Dune san<l 

9 

h 4 

63 

9 2 
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'^Average of 35 te.sts 




bAverage of 55 tests 


Table 3, Showitif^ limestone 

required per ton 

and pef at re 

for firou'lh of van on 


legumes tn Illinois 



Limestone 

h'stimated 

lyiriK'stont* 


reel 111 red to 

vield 

reijuired to 


grow one ton-‘ 


grow one aert* 


ijounds 

tons 

pounds 

Alfalfa hay 

H 5 

4 

34 <> 

Red C'lover ha\' 

75 


225 

Alsike clovtr hay 

60 


150 

Sweet elov(^r hayh 

70 

2 

140 

Soybean hay 

90 

2 

180 

Cowpea hay 

90 

2b> 

225 

Timothy hay 

20 

2^2 

50 

Gat hay 

20 

1 b' 

30 

Corn fodd('r 

30 

qc 

270 

^AVVisconsin Agneiiltural Kxpennumt Station Bulletin ti2. 


bPall crop 





^'6o-t)ushel crop 


Much has been said about the merits of the soybean as a soil builder, 
and great promises have been made for it However, it now seems 
certain that entirely too much em])hasis has been given to this* 
characteristic of the crop. There is no question but that the soybean, 
when properly inoculated, is of value as a legume and does manufac¬ 
ture considerable of its own nitrogenous focjd from atmospheric 
nitrogen when in a favorable environment. But investigations have 
disclosed the fact'that a comparatively small ])ercentage of the corn 
belt farmers who are producing soybeans arc really raising the crop 
as a soil-improving legume In other words, the question of inocula¬ 
tion is a very important one and must be considered, if the vsoybean 
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crop is to attain the place in corn belt aj^ricultiire that it now seems 
destined to (K'cupy h^ew fanners realize that an average soybean 
crop requires almost twic(^ as much nitrogen as a good cro]) of oats. 
This fact forcefully ejnphasizc's the Tiecessity of thorough inoculation 
if money return per unit of ])lant food used is considered Table 6 
shows the comparative ]dant food requirements of an average crop 
of oats and an average cro]) of soybeans. 

Tahlb: 6 —Showing (omparnttve plani food requirements of oats and soybeans. 

Rofjtnrenients in ponncK 

Oop P1u)sphoni‘< Potassium 

(Seed only) 

()ats (6() hu ) ifC) () 6 6 g.6 

Soybeans (20 bu.) 770 100 r8 o 


In addition to the natural de])letion of the soil under such conditions, 
the residual effect of this ])ractice u])on subsequent crops is a pertinent 
(liieslion In the state of Illinois, the soybean seems to tit best into 
our fanning system preceding wheat When soybeans, without 
inoculation or when ])oorl\' inoculated, are grown on land of average 
fertility the resulting etieci \i])on the wheat cto]) is frequently un¬ 
favorable 'rhis condition, however, can be* largely, if not entirely, 
overcome hy more thorough inoculation and increased fertility. 
'I'he summary of data bearing on this matter, from the Missouri, 
Ohio and Pennsylvania exjieriment stations shown in 'Fable 7 are 
illuminating 


Taui.k 7. —yufds of udieat follounnf^ oal’i and soybeans at differtni expert- 

ment Stations 

.\ris.Mmri Ohio FVnnsvlvania 


Wheat after oat^ 
Wheat after soy beans 
‘iAveraj<e of 21 ero[)s 
f^Aveiaj'e ol 6 plots. 

< Average* of 42 cn^ps 


Bu per aete 
21 o 
21 or 


Hu. [)er a ere 


Bu per acre 
26.2 
2,^ 7 


The Indiana experiment station has made a studA' of this problem, 
comparing the oat and .soyl>ean crops in a four-year rotation of com, 
< )ats or soybeans, wheat and ch »\'er 'Fheir observat ions to date indicate 
that wheat following soybeans yields approximately six bushels per 
acre more than when .seeded after oats. In both of these rotations 
the wheat receives an application of complete fertilizer. 

The comparati\'ely few farmers who have grown soybeans and the 
workers at experiment .stations who ha^'e fed them to livestock 
have testified to the value of the crop for hay; but its real importance 
has not been appreciated. Because of the comparatively high lime 
content, as indicated in 1'able 5, and its relatively high protein 
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content, soybean hay is one of our best leguminous fora^.^cs. At first, 
the woody steins prejudiced gro^^ers and feeders against it, but they 
are now learning when to cut and how to handle the crop to make 
it more valuable and more palatable. 

Up to the present time, the cgst of production of soybeans has been 
too grecit and the seed market too active to stimulate the greatest 
utilization of the grain from this crop on the farm as home-grown 
supplement to other feeds Production costs are being reduced, 
however, and farmers are learning to grow the crop with less labor 
and therefore more economically The average cost of ])roducing 
soybeans has been approximately $1.15 a bushel, compared with 
corn at 57c: and wheat at 90c This can probably be materially 
reduced. 

Experimental data showing the great \'alue of soybeans in livestock 
feeding are rapidly accumulating. WcTkers at the Indiana experi¬ 
ment station have found, in thcnr .wine feeding experiments, that 
ground soybeans, when properly su])plcmented with a mineral mix¬ 
ture, have practicallv' the same feeding value, pound for ixmnd, as 
tankeige. The Iowa and Illinois experiment station workers have 
also reported fa^'orably on soybeans as hog feed So\'bean seed is 
also valuable for dairy animals M(‘Candlish, of the Iowa c^xjieriment 
station, states that when oil meal is worth $45 00 a ton,soybeans are 
worth $60,00 a ton as a ])rotein sujiplement for dairy cattle 

'1 he general recognition by farmers of the value of both the hay 
and the seed will greatly stimulate the production of soybeans, 
especially in livestock sections, where sto(‘k are available to helj) 
harvest the crops. 1'he reduction in cost of production will naturally 
provide home-grown nitrogenous concentrates at a lower figure, thus 
reducing the cost of producing fann animals Frequently, it is not 
the cost of ])roduclion, but the re])laceinent value in tenns of other 
products, that determines the real value of a cro]) on the farm. 

Table cS presents a ccmjjanson of the cost of production of soybean 
seed and ha>^ with the value*of the crop when used as a substitute 
for other feeds 

These data show clearly that the full value of soybeans can best 
be realized by feeding either the seed or the hay, or both, in a properly 
balanced ratioii. The crop offers one of the cheapest forms of 
protein available. Furthermore, exi)eriments have shown that the 
soybean protein is perhaps the best of the t)lant proteins from the 
nutrition standpoint. As more information is made available re¬ 
garding this important home-growm supplement, the crop will doubt¬ 
less gain in popularity. 
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Table S .—Showing compdrative ftediuji i'due of soyheav prtfduds nt trrnis of other 

feeds 




\' 

able ill t^Tins 

ol other fe 

eds 



Tankage 

Linsec'^ oil 

('olton 

Alfalfa 

Product 

]>vT Ion 

meal 

M-l 






meal 


Soybean soo'] 



S52.0>o‘ 

$44.0)of 





50 (M>'J 

62 oo>' 


Soybean oil meal 

4 ,‘S.oK> 

57.2ol> 

50 oo<‘ 

45 oof 

63 20« 

60 ooll 


Soybean ha> 

13 Oo 




$ 18 oot* 


iSuminarv of fourttvn t“sts with 11,'^ piijs Itnrikuj^t’ S7o,fK , hns'v^] oil nifal 
l^o.ooj. 

I'Summars of tvsts with 19 ]>i)^-, 

<Sijmni.'irv of si\ tc.sts willi pi^s at Illinois, Indiana. Kaii'.as. Kcnluck\ and 
()hio 

dBt't'f steors fod at Illinois, 1918 19 

<‘Sh('ep fc‘d at Illinois, i<^22 23 p'dfalfa ^20 iu)) 

steers fed at Illinois, 1922 tef)ttoTiseed meal Ssoooi 

LjBeef steiTs fed at Illinois, 192^ (c nionsced meal 5^5000). 

^dl('ef stecTs fed at Ihirdne I'niver'^itv, averai'e tw > ^aars, 1922 1923. 

During the season of i()2i, when it appeared that soybean pro¬ 
duction had ])ractically reached the stage ^^htM*e the annual increase 
in the acreage vvtyuld no longer absorb the seed <u]d>l\h it became 
necessary to look for other channels for disjiosal of the stir])ius seed, 
and comrrercial tail lets were haind. 1 here are nt w several soyV)ean 
oil mills in the central ])orti(ni of the United ^tales, which are ready 
to absorb any jirobable seed surplus that is created This has a 
significant beating (di the livestc'ck industry, es])ecially ])ork produc- 
ti(di, since the amount of tankage is limited Jn cattle production, 
the long haul necessary for ctdlonseed m.eal is c('stly, and this factor 
operates in favor ( f the locally grown liean crop d'he soybean c;il 
mills which are t(‘ady to operate in Illinois have a combined cajiaciiy 
exceeding 25,000 bushels per day. and these in Indiana probably 
half that. These mills fotind c( miiaralively little seed available 
when they attemjited to operate during the season of 1922 1 he 

same thing will be true for 1923 24, the .seed demand will absorb the 
supply. 

vSummari>ing, therefore, it would seem conservative to draw the 
following conclusions First, that the acreage of soybeans will and 
should increase; second, that the most profitable outlet for the 
production will be as a s('ed crop and as a home-grown nitrogenous 
feed, substituting for the high-priced commercial concentrates; 
third, that applications of limestc nc to the soil must be recognized 
as essentia] to the most successful ])ei'manent jiro^duo'tioin of soybeans; 
fourth, that, after sw^eetening the soil, moire efficient methods of 
inoculation must be found ; and, fifth, that legumes must be classified 
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more nearly on the basis of their special or particular values. Alfalfa 
is pre-eminently a hay plant; sweet clover the best for green manure 
and pasture; red clover for dual-pur]3ose hay and pasture legume; 
and soybeans the best annual nitrogenous seed and hay-producing 
plant. 

8, THE PROBLEM OF FORAGE CROPS IN RELATION 
TO SOIL IMPROVEMENT’ 

C. A. Mooers- 

THE VALUE OF LEGUMES AS SOIL IMPROVERS 
Few leguminous crops have been studied so thoroughly and over 
so long a period that data are available to show definitely what can 
be expected from them, either as to their effect on the maintenance of 
soil nitrogen, or as to their influence on the yield of succeeding crops 
Results from experiments conducted for the past eighteen years by 
the Tennessee experiment station show that either cowpeas or soy¬ 
beans, when the crop is har\^ested for hay, usually exercise little 
influence on the crop following and are, in this respect, not comparable 
with red clover, alfalfa, or the like. In fact, strong evidence was 
obtained that a vigorous perennial grass, unaided by clover, is much 
better for the maintenance of soil fertility than either of these summer 
legumes. In a rotation of cowpeas and wheat on a fertile loam both 
crops being grown each year, that is, cowpeas in summer and wheat 
in winter, the turning under of the cowpea crop every year for the 
eighteen years has n6t maintained the soil supply of nitrogen and 
the yield of wheat has fallen off. In a cro])ping system of cowpeas 
one year and corn the next, continued for the same length of time 
(18 years), the turning under of the cowpea crop each year as grown 
was not sufficient to prevent a steady and decided decrease in the yield 
of corn. Where the cowpea crop was removed as hay the decreased 
yieldsof both wheat and com were much more in evidence than where 
the crops were turned under as might be expected. These series of 
experiments, together with similar series continued from five to four¬ 
teen* years in other parts of the state, have given im]X)rtant data on 
the influence of the cowpea crop on soil productivity, at least so far as 
loam soils of the character used are concerned. The question arises, 
however, would like results be obtained on either much lighter or 
much heavier types of soil*'' Another question is this, can the 

^Paper read as a part of the symposium on “The Forage Problem*' at the 
meeting of the Sodety held in Chicago, TIL, November 12, 1923. 

^Director and Agronomist, Tennessee Agricultural Experiment vStation, Knox¬ 
ville, Tenn, 
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results obtained from the cowj)ea be applied to the closel>^ related le¬ 
gume, the soy bean ? There are some indications that they can not, 
save in a general way. A rather common complaint among farmers 
is that wheat following soybeans does not do as well as when following 
cowpeas. W. W. Clanier of the United States Department of 
Agriculture, in his field experiments, found that soybeans exerted a 
decidedly unfavorable action on the following tobacco crop. 

As soil improvers, leguminous crops are supposed to be chiefly 
valuable on account of the increased supply of nitrogen which they 
make available either directly or indirectly to succeeding crops. 
Results in Kansas and New York have indicated that total soil 
nitrogen may be no more than maintained under continued alfalfa 
culture Is this an out(H)me to be generally expected, or would 
there result a nitrogen balance which would vary with the kind of soil? 
I^xperiments conducted on a poor soil at the 'Pennessee station placed 
alfalfa decidedly ahead of red clover, so far as the eflfect on the corn 
crops of the four following years was concerned. On the other hand, 
there ap];eared to be little or no difference between the two legumes, 
as measured by their t‘ffect on winter barley. Such results are sug¬ 
gestive, but further evidence is needed before definite conclusions 
can be reached. 

C\)mmon observation shows wide differences between different 
legtunes in respect to root development, including subsoil penetration. 
Lespedeza, producing two or more tons of hay i:)er acre, can do so 
bec'au.se of the multitude of jdants. each one of which makes only a 
comparatively short and rest ruled growth, either of to]^ or root 
On the other hand, alfalfa giving a like yield may not require ten 
percent as many ]jlants as the lespedeza, and its root development is 
evidently much more robust and the penetration far deeper Marked 
differences between them, as measured by their effect on succeeding 
crops of non-legumes, would therefore be ex])ected 

The comparative merits of various annual, biennial and perennial 
legumes as soil improvers appears to be a ^'e^y promising subject for 
further investigation. In this investigation, soils of different charac¬ 
ter should l.>e utilized Differences not only in soil texture, but also 
in productivity, and in nature of sub.soil, must be considered. As an 
index of fertilizer value not one crop, but several, should be used for 
the probability that unlike results will be obtained from such different 
crops as com, cotton and tobacco, for example. In w’-orkof this kind, 
the duration and intensit}' of the after effects ff^r a jieriod of several 
years are important matters. If a long-continued and thorough 
study is to be made on a certain field, a record of changes in total soil 
nitrogen is very valuable. 
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THE [NFLUENCE OF NON-LEGUMES ON CROPS THAT FOLLOM’ 

THEM 

The influence of various non-legtunes on the crops that follow them 
has received attention in this country, as well as abroad. The 
importance of a study of this subject was emphasized some years ago 
by H. J, Wheeler, at that time Director of the Rhode Island experi¬ 
ment station h''or several years, it has been studied by Ciarner. with 
special regard to tobacco. One of the most pronounced results 
noticed by him was the bad effect of corn on any crop that followed. 
On the other hand, all kinds of crops did well after tobacco These 
conclusions coincide with results obtained in fann practice; for 
“stalk-land” wheat is notorioiisly poor, but the wheat crop after 
tobacco is nearly always good Investigations should be made with 
regard to various soil conditions, as indicated above in the case of 
the legumes Also, in connection with experimental work of this 
kind, not only with legumes, but also with non-legumes, the reaction 
of the soil may well be taken into consideration P. L. Gainey, of 
the Kansas experiment station, found that soils wnth a pH value of 
less than 6 seldom contained azotohactcr. the non-symbiotic nitrogen¬ 
fixing organisms. It may be that apparently diverse crop results 
can be exj^lained on the basis that one soil supports a vigorous 
azotobacter flora whereas another is devoid of them. 

CROP ROTATIONS SUITABLE TO LAM) THAT SUFFERS FRGM 

ER( )SION 

Over large areas, es])ecially in the southern states, erosion does 
great damage It is severe when either a cultivated crop or a summer 
legume, .such as cow^peas, is grown There is opportunit>' for the 
obtaining of not only ne^v, but also highly ])ractical, infonnation 
relating to cropping systems for land of this character. Under these 
conditions may it not be advisable to omit cultivated crops, even 
when it comes to our greatest forage crop, com" What cnjps are 
best under such circumstancesMuch more is knowni about crops 
as individuals than of crop successions and mixtures. This is an 
important subject in the South and the experiment stations are only 
beginning to consider it. In Tennessee, winter barley gives promise * 
of being the best substitute for com. There is even promise that, 
with the pro]:)er cro]) rotation, barley will produce more grain than 
is obtained from corn under present conditions. May not sweet 
clover, lespedeza, w^hite clover and rescue gi'ass be utilized in such a 
way that their reseeding will be done naturally and that the only soil 
preparation will be for the barley crop ? It is practically self evident 
that dravStic changes must be made in the cropping systen s of some 
sections, or that erosion will be so severe that there will soon be no 
soil left on which crops can be grown. 



BOOK REVIEWS 

SOIL MANAGEMENT 

By Firman E. Bear, Proiessor ol Soils, Ohio State University, and 
Associate in Soils, Ohio A^riculitiral Experiment Station. John Wiley 
and Sons, Inc , Nciv York 268 pages IQ24. 

The author of this book states that it is intended for use in a 
required course in soils in an Agricultural College. The book, for 
this reason, is elementary in the sense that it does not go greatly 
into detail or include the more technical phases of the relationships 
of the subject to other sciences 

The references cited are given at the ends of the cha])ters. More 
references to experimental woik touching the subject matter of the 
various eha])ters wcjuld make the book of greater value to the more 
advanced student; but for the purpose for which the book was 
written, those given are ])robably sufficient. 

The fiist third (^f the book deals especially with the relationships 
between soils and plants, the second third to various ])hases of soil 
management ])ractic(‘, while the last third has to do with manuring 
))ractices 

I'he author recc)gnizes that the subiect of soil management is n(3t 
cut and dried but that many of c)ur jiractices ma\* change as more 
knowledge of the n‘lationships between ])lant and soil is acquiied 
Something is therefore said of ])henological relations of jdantsand 
soils and mentiim at least is made of ecological relations 

Altho wiitten perha])s more from a chemical view])oint, neverthe¬ 
less, considerable is said concerning the biological relations between 
soils and ])lants. A brief cha])ter is also included under the subject 
“Soil Sanitation” which deals with toxicity, ]>lant diseases, insects 
and weeds. 

A large ])art of the section on manuring iiiactice is given to com- 
meicial fertilizers and their ])r()])er selection with reference to sod, 
system of ero])])ing and management, climate and finally economx'. 
In reference to the latter subject, something is said coin'erning the 
recent movement toward high-analysis fertilizers 

OiticivSm might be made of the ^iiTangement of subject matter 
but it must be recognized that this is one of the most difficult points 
in the jiresentation of a subject as bnuid as that of soil management 

As a whole, the book is suggestive rather than infomiatix'c of detail 
and should find a place in the teaching of the subject 

Finally a good index is apjiended whicli is not the least which can 
be said of a book used for text i)r reference. (R C Collison.) 

TEXTBOOK OF AGRICULTURAL BACTERIOLOCiY 

By F. Lohnis and E. B. Fred. McGraw-Hill Agricultural and Bio¬ 
logical Publications, edited by C. I . Piper. McGraic-Hill Book (d., 
Inc., New York. IQ23. 

This is essentially a revision and translation of the “Vorlesungen 

239 
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uber landwirtschaftliche Backteriologie” of the senior author. It is 
divided into two principal sections, one on general morphology and 
physiology and one on dairy and soil bacteriology. 

The book is unusually well illustrated by diawings, photographs, 
and nine colored plates. Many of the.se are taken directly from the 
original (lerman edition, and lose somewhat in that labels are in 
German and not always intelligible to the student in agriculture. 
The material is well balanced, and em])hasis well placed, although the 
statement that the two main objects of agricultural bacteiiology are 
studies of bacteria in foods and in soil is perhaps too restrictive. 
If the student in agriculture puisues the subject no farther than the 
presentation in this text, many points of great impt^rtance to him will 
be missed. 11 is rather an introduction to general dairy and soil 
bacteriology than a text on the whole field of agi icultural bacte^iologJ^ 

On the whole, this text is undoubtedly the best in its field that has 
appeared. It should fill a leal need. (R. E. B.) 


A CORRECTION 

In Table 1, page 72, of the January number of this Journal (Vol. 
10, No. 1), at the bottom of the page, for ()5 read .65 and under 
n = 24 for this value read 350 instead of 256. 
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EFFECT ON PERMANENT PASTURES OF TREATMENTS 
WITH LIMESTONE AND ACID PHOSPHATE AS MEASURED 
BY THE QUANTITY AND QUALITY OF THE 
VEGETATION PRODUCED' 

Earl E. Barnes“ 

Very little experimental work on the effects of fertilizers on tht‘ 
vegetation produced on land used exclusively for pasture was done 
prior to 1897. Ccmsiderable work on meadow improvement had 
been undertaken jwevious to that time, but the results in these 
experiments were calculated purely on the basis of increased yields 
of hay. Little attention had been given to the changes in the 
chemical composition of the forage which resulted from the treat¬ 
ments. 

REVIEW OF PREVIOUvS INVESTIGATIONS 
Somerville (4),*** in 191 r, reported the results of nine years of ex¬ 
perimental work, on three different fields, where plots of 3 i /20 
acres each were given various treatments. The effect of the treat¬ 
ments were measured by two methods. The first means of measure¬ 
ment was that of securing relative gains in weight of sheep j^astured 
on the different plots. Three acres of each plot were utilized for 
this purpose. The second means of measurement was that of 
determining the weights and chemical analysis of hay harvested 
from 1 /20 acre of each plot. This i /20 acre was fenced off from the 
remamder of the plot. The fence was changed annually so that a 
differ^t area was used each year from which to harvest the hay. 
This provision minimized as far as possible any change in the charac¬ 
ter of the pasture flora which might result from continued mowing 
instead of grazing. A significant fact, brought out in this experiment, 

^Contribution from the Department of Soils, Ohio State University, Columbus, 
Ohio,Received for publication Januaiy 6, 1924. 

‘Assistant Professor in Extension Service. 

‘Reference by number is to “Literature Cited,” p. 251 . 
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was that the ratio between the gain in weight of sheep pastured on 
the several plots and the content of protein in the hay produced on 
the same plots was nearly constant for all the plots. This was 
especially true for those plots which received no nitrogenous fertilizer. 
This fact has an important bearing on the interpretation of the 
results, which were obtained in the work described in this paper. 
There was also* a close agreement between the returns from the 
treatment, as measured by the weight of hay produced, and the gain 
in weight of sheep pastured on the same plot. 

Ballou (i and 2), of the Ohio Agricultural Experiment Station, in 
connection with work in orchard rejuvenation in southeastern Ohio, 
made some interesting observations on the effect of fertilizers on the 
amoimt and character of mulch material which the land produced. 
Table i gives the data bearing on this point, from one of these 
experimental orchards: 


Annual fertilizer treatment 

Pounds 

Yield 

Vegetation 

Material 

per acre 

in i)ounds 

predominating 



per acre 


Acid phosphate. 

350 

2,716 

Red clover 

Acid pho.sphate. 

350 



Muriate of potash. 

175 

2,884 

Red clover 

Acid phosphate. 

350 



Muriate of potash. 

. 175 


Blue grass and 

Nitrate of soda. 

350 

345 ^ 

other grasses 

Unfertilized . 


840 

“Poverty grass" 




and weeds 


The significant facts shown by the above data arc the remarkable 
increase in the total amount of vegetation produced and the change 
in the predominating type from “poverty gtass” to red clover, as a 
result of the use of acid phosphate. These changes came about 
without the sowing of any seed. 

(}reig (3), of the Aberdeen and North Scotland College of Agri¬ 
culture, reports some pasture experiments in which the increases in 
the weights of sheep pastured on the plots were nearly doubled by 
applying either acid phosphate or basic slag to the soil at the rate of 
1,000 i)ounds per acre, or by the use of 2 tons of lime per acre. 

OBJECT OF THIS INVESTIGATION 
Since the spriiilg of 1920, about 400 pasture improvement demon¬ 
strations have been started in southeastern Ohio. Only one, under 
the supervision of the Department of Soils of Ohio State University, 
was under way at that time. In 1921, several more were started and, 
in 1922, a large number of pasture demonstrations, scattered over ii 
counties, were begun. The treatments given these plots have con- 
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sisted, in j=;eneral, of applications of limestone and acid phosphate, 
either with or without some tillage and seeding. 

Until 1923, the only data relative to the effect of the treatments 
on these demonstrations were the estimates made by farmers of the 
percentage of desirable grasses and clovers before and after treat¬ 
ments. The averages of these estimates indicate that the j^asture 
on the treated areas was from 200 to 300 percent better than that 
‘ )n the untreated areas. This method, however, is vague and inexact. 
More complete and more exact knowledge regarding the effects of 
these treatments on the quantity and quality of the vegetation 
produced is desirable. If in possession of these facts, one could 
more readily d^*temiine how much expense could be justified in the 
fertilization of i)eTmanent pastures. 

The object of this investigation, therefore, was to determine the 
t'ffect of an application of acid ])hOvSi)hate and limestone to pasture 
land, as measured by the amount and cempr sition of the vegetation 
produced. This was measured in two ways; first, by cc:m])aring the 
amounts of crude ])rotein, ether extract, ash, crude fibre, calcium, 
and i)hcsphorus contained in the vegetation jm^luced on the treated 
and the untreated parts of several demonstration fields; ajid second, 
by com])aring the analyses of .sam])les made u]> of the white clover 
] slants produced on the treated and untreated portions of one of these 
demonstration fields. 

METHODS EMPLOYED 
Sklection of Demonstration Fields 

The fields were selected with the end in view of measuring, the 
results of similar treatments in several counties having some variety 
< >f latitude and longitude. Consideration was also given to the length 
of time which had elapsed since the demonstration plot had been 
treated. Accordingly, fields were selected in Hocking, Jackson, 
I^erry, and Guernsey counties, all in the state of Ohio. The plot in 
Hocking County was the oldest of the demonstration plots, and was 
chosen for that reason. The Jackson County plot was treated a 
year later and received no tillage or seed. The Perry County and 
the Guernsey County plots were both treated the same year and had 
almost identically the same treatment thruout their histor}'. 

Securing Samples 

Early in the spring of 1923, three cages, each covering 1 /4000 of 
an acre, were placed on each of the treated and untreated parts of 
four demonstration fields. The cages were built in the form of frames, 
which were 3.3 feet square and 18 inches high and were covered with 
wire netting of about inch mesli. Samples of the vegetation 
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FiGUKr 1—Shovvin;^ edge for pioUding sam[)l(‘ an^is from grazing 
an<l for sampling of \<.gelation 

were collected from the protected area'; \Mthni these cag^^s twice 
during the summer, by chpjmig the vegetation (‘lose to tlic ground 
with grass shears 

These samjilcs were then sorted into two parts, onc' ol vhu'h was 
composed of the leguminous and the other of the non-leguminous 
plants The material was then dried and the weights of dry mattei 
recorded. Later, the legumincjus and non-leguminous jiarts were 
again mixed together and the growth for the entire summer wa'- 
finely ground for analysis 

Two samples of white clover were taken at the time of harvesting 
the last cutting of vegetation from the Jackson County demonstration 
field. These were secured from the uncaged parts of the demon¬ 
stration field, one from the treated portion and one from the untrt*ated 
These samples were dried and prepared for anal>sis in the same 
way as the other samples The Jackson County demonstration field 
was the only one of the four on which Icgumas were to be found in 
conspicuous numbers on the untreated portion 

Chemical Analyses 

The total season’s growths of vegetation, from both the treated 
and the untreated parts of each demonstration field, ivere analyzed 
for their content of moisture, ash, nitrogen, phosphorus, calcium, 
crude fibre, and ether extract. The same determinations were made 
on the samples of white clover except that the last two were omitted 
The determinations of moisture, ash, nitrogen, crude fibre, and ether 
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extract were made by the use of the methods of the Association of 
Official Agricultural Chemists. Calcium was determined from the 
ash, and phosphorus from a separate sample which was oxidized in 
fuming nitric acid. 

EXPERIMENTAL DATA 

The following tables give the history of the plots and a record of 
the data secured: 

Tahle 2, —IIutory of demonstration plots. 

County Hocking Perry Guemsev Jackson 

Demonstrator KtJssk'r Kelley Jones AlcCoy 

Date of treatm’t Spring 1920 Spring 1922 Spring 1922 Spring 1921 

Acid phf).sphate ‘ 400 ixxmcLs 400 pounds 400 pounds 500 pounds 

Limestone^' 2 tons 2 tons 2 tons i tons 

Tillage Soil diskeul Soil disked Soil disked None 

Seedc 15 I)oimds 15 pounds 15 pounds None 

ai6tv ficad j)hf>sphate at rate indicated per acre. 
tiFinely ground limestone applied at the rate indicated per acre. 

‘‘Mixture of sweet clover, red clover, alsike clover, white clover, redtop, blue- 
grass and timoth>', on all the plots seeded, at the rate indicated fier acre. The 
Guernsey Ckiunty plot had two pounds of Japan clover added to the mixture. 

Tahle 3. —Record of ve^>etalion produced on treated and untreated areas.^ 

First Cutting Second (Cutting Yield 


Farmer 

Plot 

TVoduce 

Legumes 

Produce 

Legumes in pounds 



grains 

percent 

grams 

jxTcent 

per acre 

Kessler 

Treated 

727 

36 

«63 

I 

4672 


Untreated 


00 

300 

0 

IIII 

Kelley. 

. Treated 

83^ 

47 

622 

31 

4275 


Untreated 

260 

00 

150 

0 

1205 

Jone.s. 

Treated 

Hi )2 

30 

671 

46 

4593 


Untreated 

275 

0 

173 

0 

*314 

McCov . 

. Treated 

709 

II 


0 

2540 


Untreated 

4^3 

5 

IOC) 

0 

1537 


a The areas harvested were 3/4000 acre each. 

Tahle 4. —ChemieaJ composition of vegetation produced on treatt d and untreated areas. 







C rude 

Ni- 

Phos¬ 

C:al- 

Ether 

Farmer 

Plot 

Moi.sture 

Ash 

fibre 

tro- 

phorus 

cium 

Extract 

Kessler 

Treated 

(a) 

5.28 

8.46 

22.54 

gen 

245 

0.236 

1.06 

2.45 



(b) 

5.28 

8.20 

22.45 

245 

0.236 

1.06 

2.55 


Untreated 

(a) 

5,61# 

7.31 

23 - 5 b 

1.58 

0.145 

0.95 

2.80 



(b) 

5 -b 9 

7.33 

23-«7 

1.58 

0.143 

0.82 

2.64 

Kellc'S. 

. Treated 

(a) 

5-50 

8.26 

24.40 

2.17 

0.197 

115 

2.92 



(b) 

5-57 

«.33 

2504 

2.18 

0.195 

1.18 

3-11 


Untreated 

(a) 

5 - 4 « 

8.19 

2342 

1.63 

0.214 

0.84 

2.94 



(b) 

5-49 

8.28 

23.08 

1.64 

0.210 

0.86 

2.96 

Jones.. . . 

Treated 

(a) 

5.37 

«45 

27.42 

2.18 

0.223 

0.80 

2.79 



(b) 

5.27 

8.44 

25.82 

2.19 

0.225 

0.80 

3.03 


Untreated 

(a) 

5 - 5 <> 

6.65 

3119 

143 

0.179 

0.29 

2.45 



(b) 

5-54 

6.72 

31.73 

143 

0.182 

0.29 

2.50 

McCoy 

. Treated 

(a) 

3-97 

10.06 

29.05 

1.51 

0.176 

0.88 

2.70 



(b) 

3-«9 

lO.II 

28.74 

1.51 

0.172 

0.88 

2.70 


Untreated 

(a) 

4.19 

8.69 

24.38 

1.52 

0.143 

1.00 

3.33 



<b) 

4-34 

8.72 

25.56 

1.51 

0.141 

0.99 

3.38 

McCoys. . 

. Treated 

(a) 

5.25 

12.05 

— 

3.09 

0.225 

1.40 




(b) 

4.29 

12.09 

— 

3.08 

0.228 

1.40 

— 


Untreated 

(a) 

444 

12.65 

— 

2.79 

0.234 

0.83 

— 



(b) 

4.72 

12.65 

— 

2.81 

0.232 

0.85 

— 

ttSamples of wliite clover taken from treated and untreated parts of the demon- 


stration field. 
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HOCKING COUNTY EXPERIMENT 

This field is located in Marion Township, Hocking County, and 
lies midway between Bremen and Logan. It is on a steep hillside. 
SO steep in fact as to make tillage of any kind practically impossible. 
The soil type would probably be classified as a stony phase of Dekalb, 
altho this area has never been mapped. Before treatment, this 
field produced no desirable vegetation and in many spots the ground 
was bare. Erosion was .starting and the pasture presented anything 
but a prosperous appearance. The treatment was given in the spring 
of 1920, as indicated above. Of all the seeds sown, the only one to 
make any signfiicant growth was sweet clover. The amount of thi^ 
seed sown in the mixture was insufficient to make a good stand. 
Some areas in the field were too acid, even after liming, to be favorable 
to this plant. On these areas, white clover began to creep in during 
the second season after treatment. The sweet clover reseeded itself 
at the end of the second year, and in the summer of 1923, which was 
the fourth summer after treatment, there was a good stand of sweei 
clover, on a large ])ortion of the field. Two of the cages were placed 
on that portion of the field which was growing sweet clo\'(.‘r. The 
other cage was placed on that portion of the field where white clover 
was the ])redominant legume. 

The first cutting of vegetation was made on May 29lh, 1923. The 
sweet clover at that time was jUvSt beginning to grow thru the covering 
of the cages and was at such a stage as is considered .satisfactory for 
hay making. It was cut as near to the ground as was thought safe, 
without danger of killing the plants. The second cutting was made 
on the 10th of October. Owing to a very dry .summer, the sweet 
clover did not make much second growth, but with the coming of fall 
rains, the bluegrass, which was interspersed with the sweet clover, 
thickened up so that a dense turf oi this grass covered the ground 
at the time of the second cutting. Very few leguminous plants were 
present in the second cutting, in contrast to the first cutting, which 
was more than half leguminous. By multiplying the calculated 
yields per acre by the percentage of protein in the material, it wa.'N 
found that 715 pounds of crude protein per acre were produced on 
the treated ]:)lot as compared with 109 pounds per acre on the un¬ 
treated portion. Thus the treated portion of the field produced, in 
round numbers, times as much total vegetation and 7 times as 
much crude protein per unit area, as did the untreated portion. 
If, as is indicated by Somerville’s work, the amount of crude protein 
produced is a measure of the carrying capacity of a pasture, then the 
treated portion was 600 percent better than the untreated. 
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PERRY COUNTY EXPERIMENT 

This field is located one-half mile east of Glenford. It lies near the 
top of a rather steep hill. The soil type would probably be classed 
as DeKalb silt loam. Before treatment this field produced very little 
vegetation except “povert\^ grass*’ (Danihonia spicata) and V)riars. 
The untreated portion of the field is still in this condition. The 
treatment was given in the spring of u;2 2. Enough tillage was 
given to cut off the briars and to root up most of the “povert}' grass.” 

The first cutting on this ])lot was made on July 6, 1923. Of the 
total vegetation on the treated portion of the demonstration, 46 
percent was leguminous and consisted of a mixture of red clover and 
white clover, the red clover slightly predominating. The secon<l 
cutting was made on September 29th. In this cutting, 31 percent 
of the vegetation was leguminous. Red clover still ])redominated, 
but there was a visible increase in the proportion of white clover 
The untreated portion of the field contained no legumes of an\' kind. 
The treated portion of the field produced, in the two cuttings. 582 
pounds of crude i)rotein ])er acre, and the untreated portion 124 
jx)unds. If the carrying capacity of the jiasture be measured in 
terms of the crude protein produced, the treated area had 370 
percent greater carrying capacity then the untreated 'I'hc vege¬ 
tation from the treated jxirtion contained, jxmnd for ]>ound. 38 
jiercent more calcium than did that from the untreated area. Thus 
from the standiioint of the mineral content of the vegetation, the 
pasture on the treated area was vastly superior. 

(;UERNSEY COUNTY EXPERIMENT 

This field is located one-half mile south of Old Washington on the 
Lore City road. The to])ography is rolling, but with no stec]) slopes. 
The soil type is probably a DcKalb silt loam The herbage was 
very scant before treatment, many places being entirely bare. The 
treatment was given in the sjjring of 1922; hence the summer of ig23 
was the .second summer after treatment. 

The first cutting of vegetation was made on July 6, 1923. In 
this cutting, nearly 30 jiercent of the vegetation was leguminous. 
The leguminotis ]3ortion was composed mostly of red clover and 
white clover with a small amount of alsike clover The second cutting 
was made on Feptember 28th (vSee Figures 1 and 2) In this cutting, 
46 percent of the vegetation on the treated area was made uj) of le¬ 
gumes. The leguminous portion of this cutting was predominantly 
Japan clover. At the time of the first cutting, this plant had not 
attained sufficient size to affect the percentage of legumes. The 
total crude protein produced per acre, on the treated ])ortion of this 
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FicuTRii: 2 -"Showinji( kwinc ve^^etation growing on protect erl area of treated 
land on September 28, (jiieriibey County experiment. Comjiare with 
Figure 1, untreated land. 

demonstration field, was 620 ])ounds. and on the untreated portion, 
118 pounds. Thus, measuring the carrying capacity l)y the amotmt 
of crude protein produced, the treated ])ortion was 430 percent better 
than the untreated. The percentage of calcium contained in the 
vegetation from the treated portion was nearly three times as great 
as that contained in the vegetation from the untreated portion. 

JACKSON COUNTY EXPERIMENT 
This field is located 12 miles southwest of Jackson, on the Maybees 
Pike. It lies on a gently sloping terrace, the soil of which would 
probably classify as a Holston silt loam. This was the only field, 
among the four, which produced an}" legumes of consequence on the 
untreated part. The plot was treated in the spring of 1921, and no 
tillage or seed was given it. In the spring of 1922, the treated plot 
was covered with an excellent stand of white clover. In the latter 
part of the season, Japan clover covered it in a thick mat. The field 
was chosen from among others in Jackson County, because it was 
the third summer since treatment and because it represented a 
treatment wfith limestone and acid phosphate without tillage or seed. 
When the plot was visited for the purpose of erecting the cages, it 
was found that moles had burrowed just beneath the surface of the 
soil during the winter, to such an extent that the surface was badly 
loosened. A little later it was discovered that this had killed prac¬ 
tically all the white clover which had been such an excellent stand 
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the year before. However, it was then too late to change to another 
field, and hence this plot was carried thru the season as originally 
planned. 

The first cutting was made on August 10, 1923. An earlier cutting 
had been planned, but owing to the fact that the white clover had 
been killed the previous winter, there was little growth of any kind 
(m the plot until midstm-xTer, when the Japan clover had made some 
growth. At the time of this cutting, the Japan clover was from 4 to 
6 inches tall on the treated part of the demonstration field and about 
half as large on the untreated portion. The caged areas were clipped 
with grass shears and unfortunately it was found at the time of the 
second cutting on October 10, that the clipping had killed the Japtm 
clover. In fact, there w^erc jjractically no leguminous plants on the 
caged parts of cither the treated or untreated portions of the field 
at the time of the second cutting. Outside the caged areas, the 
Japan clover was making an excellent growth. It is jjrobable that if 
only one cutting had been made on this demonstration field, and this 
liad been delayed until late September or early October, the results 
for the summer would have been much more favorable to the treated 
area. 

At the time of the last cutting on this field, samples of w'hite clover 
wxTe collected from the uncaged portions of both the treated and 
untreated areas. The plants from the untreated area wxre very 
small and immature. In fact, they were so small that it required 
nearly four hours to collect enough to make 20 grams of air dry ma¬ 
terial. Those from the treated area were much larger and more 
mature. 

Even with all the disadvantages w'’hich the treated portion suffered, 
it produced 65 percent more total protein i)er acre than the un¬ 
treated. The most significant part of the investigation on this 
demonstration field is the effect which the treatment had on the 
nitrogen and calcium content of the w^hite clover plants, 'fhe white 
clover on the treated portion, altho more mature, contained 10.4 
percent more nitrogen and 74 percent more calcium than that from 
the untreated portion. 

SUMMARY 

The data of this investigation of the effects of treatments of acid 
phosphate and limestone on pasture land were secured by ascertaining 
the yield and chemical analysis of the total vegetation on small 
areas (3 /4000 acre each) of both treated and untreated parts of the 
same pasture field. Four fields, each located in a different county, 
were included in the investigation. Three of the four received some 
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tillage and seed in addition to acid phosphate and limestone. One 
field received no tillage or seed. This field, owing to injury to the 
sod by moles during the winter previous to the smnmer when the 
records were taken, did not show as much improvement as the other 
three, but this cannot be taken as being due to the absence of tillage 
and seed. Two cuttings were made on each field during the season. 
The material harvested was dried and weighed and the percentages 
of legumes in each cutting was determined. It was then mixed 
together again and prepared for analysis. 

Another phase of the investigation was the determination of the 
effect of treatments of acid phosphate and limestone on the analyses 
of an individual species of legume. White clover was the legume 
selected for this purpose. 

The total vegetation ])roduced per acre on the treated ])ortions of 
these pasture fields, was from three to five times as much as was 
produced on the untreated ])ortions of these fields except in one case 
where the sod had been injured by moles during the previous winter. 
The amount of crude ])rotein ])roduced ])er acre was from fi\'e to 
seven times as much on the treated as on the untreated ])ortions of 
these fields 

The vegetation on the demonstration fields {(Guernsey C^)unty) 
which had a large amount of Japan clover in the turf, showed a 
greater percentage gain in both calcium and ])hosphorus content, 
as a result of the treatment, than did the vegetation on the demon¬ 
stration field (Perry ,County) of the same number of years standing, 
but containing no Japan clover in the turf. 

The vegetation on the demonstration field (Hocking County) which 
had a large amount of sweet clover in it, was found to contain, as a 
result of the treatment, much larger percentages of both calcium and 
phos])horus than did that on the untreated tirea 

Where the ])rincipal legumes were red clover and white clover, the 
treatment did not materially influence the ])ercentage c(»ntent of 
phosphorus in the herbage, but did greatly augment the amount of' 
vegetation ] iroduced. 

CONCLUSIONS 

The immediate effect of treatments of limestone and acid phosphate 
on “worn out” pastures in southeastern Ohio is a marked increase 
in the jjercentage bf legumes. This is later followed by a renewal of' 
the bluegrass sod, which docs not reach its optimum until at least the 
end of the fourth summer after treatment. 

The greatest difference in chemical composition between the 
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vegetation produced on treated and untreated portions of the same 
field is found to be in the percentage content of nitrogen. 

The percentage increase in the content of calcium in the vegetation 
as a result of an acid ])hosphate and limestone treatment is greater 
than the percentage increase in its content of phosphorus. 
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THE EVALUATION OF CORN SILAGE’ 

F. A. Pearson and W. L. Gaines'^ 

INTRODUCTION 

The price of feeds is estaV)Hshed, as a rule, by free sale transactions 
J'he price of silage, however, is an exception to the general rule and 
its value must be established by other means. 

Corn silage has come to be an important feeding stuff in our animal 
husbandry. It rivals pasture itself as a feed. Silage is perhaps 
especially important in the dairy industry, where it suiiplies from 20 
to 50 ])erceiu of the nutrients in the ration. On a nutritional basis, 
in the more important dairy districts of Illinois, it re])resents about one- 
third of all the feed used in milk t>toduction, excluding pasture. 
An equitable basis of setting a iirice on silage is therefore a matter 
of importance. The question of how silage may Vie evaluated fre¬ 
quently arises in adjustments between landlord and tenant; in 

’At the time the original material of this paper was prepared the .senior author 
was on the staff of the Illinois Agricultural Experiment Station. Publication 
was delayed in part, because the cost data in terms of dollars underwent such 
marked changes as a result of the war; and in part, because further work is needed 
to round out and complete the idea and recommendation of the paper. Now, 
in 1923, however, the costs in terms of dollars are not so greatly different than 
at the time the data were collected. Further, the authors are not now' in a 
position, at least cooperatively, to undertake the experimental work necessars' 
to complete and round out the methtxl of evaluation of com silage as recommended. 
('Consequently the paper is offered at this time for what it may lie w^orth iii- 
trinsically and suggestively. Received for publication January ib, 1924. 

^Professor of Agricultural Economics, (Cornell University, and Professor of 
Milk Production, University of Illinois, mspeetiveh'. 
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computing the commercial cost of production of animal products; 
and in placing economic interpretation on the results of experimental 
feeding trials. The values placed on com silage at different times 
and by different people have not been very consistent. The extent 
and degree of such inconsistency has been well indicated by Whisen- 
and (t).® 

The peculiar position of silage in having no market value is due 
primarily to its rapid deterioration when cx]:)Osed to the air, which 
makes it impractical of handling thi*u the regular channels of trade. 
There are, to be sure, occasional farm sales of silage, but they are 
too few in number and too imcertain of occurrence to be depended 
upon as an index of value. Silage must be stored at harvest in a 
building of special construction (silo), and after the silo is opened, 
the silage must be used from the top at a certain minimum rate, 
day by day, to ])revent undue loss by spoilage. It cannot be hauled 
in quantity and successfully stored for future use. Consequently, 
the demand at farm sales is limited to a few immediate neighbors. 
Silage is high in water content and of comparatively low value ])er 
ton, which qualities also operate against its trans])ort. Practically, 
silage must be stored near the harvest field and utilized very close 
to the place of storage. It follows, then, that the value to be used 
for silage must be determined by some mle, rather than directly by 
trade. 

Two methods of evaluating com silage are presented in this paper: 

(1) C'ost Accounting Method. This method starts with the com crop 
at the time it is ready to harvest for silage and charges against the 
silage the value of the com grain, the value commonly assigned to 
stalk'* pasture, and the expense of harvesting and storing the crop as 
silage, together with some minor credits and debits. 

(2) Nutritional Method. This method starts with the cured silage 
and involves converting it into terms of similar feeds which have 
established market value, on the basis of the digestible nutrients 
contained in the feeds concerned. 

COST ACCOUNTING EVALUATION 

In Table i are shown the items entering into the cost accounting 
evaluation. The data of this table are from records kept by Illinois 
farmers in cooperation with the Department of Dairy Husbandry, 
University of Illinois, and are thought to be representative of condi¬ 
tions affecting the cost of silage in the dairy districts of Illinois at 
the time. The period recorded covers the five seasons of 1912 to 

^Reference by number is to ‘‘Literature Cited,*' p. 260. 
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1916, inclusive. Sixty-eight farms contributed to the data. The 
total silage acreage was 1,725 and the tonnage, 9,847. Measurements 
of acreage and weights were made in a few cases, but for the most 
part, the yields of silage and grain are estimates made by the fanner 
and other competent judges. Losses in the silo after harvest are not 
considered. 

The account starts with the crop at the time it is ready to harvest 
for silage. This starting point is justified on the ground that only a 
very small i^ercentage of the corn acreage in the United States (3.7 
percent, as given in the 1921 Census) is used for silage; consequenth' 
this use of the crop can have only small effect on the market value of 
coni. At the ^time of harvest the farmer is entitled to the same 
returns on his silage acreage as he would receive if he harvested for 
grain, and charge to the silage is made accordingly. 

The value for the grain was based on the farm value of corn, which 
of course was determined by the general market. The average farm 
value of corn for these years, as taken from the farm inventories, was 
$.6458 per bushel, and represents new com in the crib rather than old 
com. From this figure was deducted the cost of husking and cribbing, 
estimated at $.0525 per bushel, giving a value for the grain in the 
field at the time of harvest of $.5933 per bushel. The estimated 
yield of the total acreage (1,725) was 48,313 bushels of corn. The 
field value of the grain, therefore, was $28,664. Some corn is broken 
off in the field in harvest and does not reach the silo, and the amount 
of this was estimated at 2,977 bushels and was given a credit value of 
$1,693. The silage was therefore chargeable with 45,336 bushels of 
com valued at $26,971, or $.5949 per bushel. The value of the 
stalk^ portion of the crop was taken at $1.25 per acre, this being, by 
general consent among farmers, a fairly well established value for 
stalk pasture. The grain and stalk values together give the value 
of the crop. These and other charges are given in Table i. 

The several other items of charge listed in the table are largely self 
explanatory. The rate of farm man-labor charge averaged $.17 per 
hour and farm horse-labor $.125 per hour. The item of farm man 
and horse labor includes the time of the farmer's regular working 
force, both on his own job and in exchange work with neighbors, in 
the silage harvest. The item of extra man and team labor is in part 
for day labor and in part for man and team labor hired on a cash 
basis for the emergency. 

The building charge consists of depreciation as shown by inventor)^ 

*The term **stalk’' is used in this paper to refer to the stover portion of the 
com crop, that is, all the crop except the grain (kernels). 
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values, and of interest at 5 per cent on the cost of the silo. Power 
and fuel include the hire of ensilage cutter, engine, and engineer, 
usually at a fixed cash rate per hour, the fuel being furnished by the 
fanner. Steam power was used in the majority of cases. The power 
item indicates the rate of filling to be slightly less than 5 tons per hour. 

The farm equipment charge is for the use of machineiy^ of all kinds 
except that included under power. The item of twine is for that used 
in harv^esting with the corn binder. (Seme farmers cut the corn in 
the field by hand, using no twine.) Insurance covers the silo and 
silage. 

As shown in the table, the total value of silage as figured by the 
cost-accounting method is $4.53 per ton. In studying the distribu¬ 
tion of this value between the several items, the second column, 
showing the percentage of the total, gives perhajjs the clearest general 

Table i. —Evaluahon of corn silage by cost-accounting method 
Summarized data of 68 farms—1.725 acres 1912-1916 
Average yields per acre: 5.71 tons silage; 28 bushels corn 
Average corn in silage* 4.6 bushels per ton 

I^ercent- \"aliu‘ of 


Item 

age of total Total 

Total 

V\'ilue 

silage 


value 
of silage 

amount 

value 

I>er 

acre 

j)er ton 

Total corn crop . . 

<'' 5-32 

9,847 tons 

529.127 

$16.89 

$ 2 X)SH 

Grain . 

60.49 

45.336 bii. 

26.971 

15.64 

2.739 

Stalk. 

4.83 

7.Q.S8 tons'‘ 

2.156 

1.25 

.219 

Man and horse labor 

19.88 


8.865 

5-14 

. 9 (X> 

Farm man labor 

9.24 

24,143 hrs- 

4.118 

2.39 

.418 

Farm horse labor . 

«.32 

29,703 hrs. 

37^0 

2.15 

•377 

Extra man & team labor 2.32 

2,035 hrs. 

1037 

.60 

.105 

Buildings . 

. . 6.21 


2.767 

1.60 

.281 

Power and fuel 

5*51 


2458 

1.42 

.250 

Power . 

4.56 

2,046 hrs. 

2.034 

1.18 

.207 

Coal. . 

.71 

1,852 cwt. 

•315 

.18 

.032 

Gasoline . ... 

.17 

430 gals. 

.078 

0.5 

.008 

Kero.sene.... 

.05 

292 gals 

.023 

.01 

.002 

Oil. 

.02 

22 gals. 

.008 

.CK) 

,001 

Farm eciuipment . . . , 

2.22 

•993 

• 5 « 

.101 

Twine. 

.78 

3.547 ll>s 

•347 

.20 

•035 

Insurance. 

.07 

.030 

.02 

.003 

Miscellanccius. 

. . .01 


.003 

.00 

.000 


Total... . 100.00 . $44590 $25.85 $4,528 

^Estimated on basis of grain containing 60 percent diy matter, that is, weighing 
83 1/3 ]:)ounds per bushel. 

view. In descending order of the proportionate cost the items are: 
crop, 65 fiercent; man and horse labor, 20 percent; buildings, 6 
percent; power and fuel, 6 percent; farm equipment, 2 percent; all 
else, I percent. 

The crop is by far the largest item in the cost of silage, and of the 
crop the grain is valued at more than twelve times the stalk. Com 
is not harvested as silage, however, either to facilitate the harvest 
of the grain or to enhance its feeding value. The grain is harvested 
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with the stalks solely because there is no practical way of handling 
it separately at the time of silage harvest. All charges, outside those 
for the grain, therefore, are to be regarded as the cost of securing the 
stalk portion of the crop as silage. On this basis, 40 percent of the 
cost of the silage is chargeable to the stalk, and 60 percent to the 
grain. As will appear below, this proportion is very close to the 
proportion of the nutrients supi)lied by each. 

EVALUATION BY THE NUTRITIONAL METHOD 

For reasons which are well recognized, the science of animal nu¬ 
trition distinguishes the two general classes of feeds—concentrates and 
roughages. For exactly the same reasons, and also because the farm 
value of nutrients tends to be higher in concentrates than in rough- 
ages, corn silage is here treated as a mixture of concentrate (com 
grain) and roughage (com stalk). Corn silage has been commonly 
regarded as a remghage because of the bulk of the feed as a whole. 
There is good reason to suppose, however, that a bushel (that is, 50 
])Ounds of dry matter) of the corn grain in corn silage is the equivalent 
in feeding value of a bushel of shelled com. No direct experimental 
nutrition work has been done with the grain of corn silage. Some¬ 
what roundabout, but still rather definite, evidence on the point is 
afforded by the exi^erimcnts of Cook and Hills (2) of Vermont and 
Woll (3) of Wisconsin. The same method was used in both cx- 
] jcriments, as follows: Two equal and like areas of corn were harvested 
at the same time. ( 3 ne was cut as silage in the usual manner, stalks 
and ears together (whole silage). The other area was first husked, 
and the stalks were then cut into the silo (green stover silage), while 
the ears were preserv^ed by air dr>dng. The ears were later ground 
and fed with the green stover silage. The resulting products of the 
two methods of harvest were compared as to their fec'ding value for 
milk production. The two exi)eriments each showed a slightly greater 
value for the whole silage. 

The nutritional method of evaluating com silage starts with the 
])roposition that the grain present in the silage is comparable with and 
equal to the same nmnber of bushels of air-dry shelled com, that is, 
4.6 bushels per ton in the present case. The remaining part of the 
problem is to convert the non-grain, or roughage part of the silage, 
into terms of a comparable feed having market value. Hay is selected 
as such a feed, and conversion is based on the digestible nutrients 
contained in it. This basis of conversion is justified on the ground 
that digestible nutrients are commonly used in the science of nutrition 
to measure the relative nutritive values of similar feeds. An average 
is used of five common farm hays, largely from the grasses, as follows: 
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timothy, prairie, red top, clover and timothy, and red clover. 

From this point on it becomes necessary to resort to analytical data 
from outside sources. The average analyses of com silage (‘‘recent 
analyses*') and hay as compiled by Henry and Morrison (4) arc used. 

According to their figures, one ton of com silage contains 3 54 pounds 
of digestible nutrients, and 4.6 bushels of com contain 221 pounds of 
digestible nutrients. The difference, 133 pounds, is taken to repre¬ 
sent the amount of digestible nutrients in the stalk portion of one 
ton of silage. The amount of each of the above hays required to 
furnish 133 pounds of digestible nutrients varies from 250 to 288 
pounds, the average being 270 pounds. 

For the purpose of evaluation by the nutritional method, therefore, 
it is concluded that one ton of silage in the present work is equal 
to the value of 4.6 bushels of com plus the value of 270 poimds of hay 

It will be apparent that this conclusion is based on average analyses 
of com silage, assuming a distribution of nutrients between grain and 
stalk portions as required by the yields of grain and total crop in the 
present work. This gives 62 percent of the nutrients in the grain 
and 38 percent in the stalk. This distribution is in substantial agree¬ 
ment with data given by Henry and Morrison (4, p. 195) showing 
for the com crop 63 percent of the total nutrients in the car and 3 7 
percent in the stover. 

To convert these results to money value, the prices of corn and hay 
are applied to the respective amounts above indicated. The average' 
farm value of corn was $.6458 per bushel and of hay, $12.01 per ton, 
as shown by the acebtmts. The value of the silage, therefore, would 
be $2.97 for the grain and $1,62 for the roughage, or a total of $4.50 
per ton. 

DISCUSSION 

Formula for evaluation of corn silage. The value of a ton of corn 
silage as determined by each of the ttvo methods as described above, 
is: 

Cost-accounting valuation=$4.53 per ton. 

Nutritional valuation = $4.59 per ton. 

This would indicate that the two methods of evaluation give 
substantially like results. 

In deriving a formula for the evaluation of com silage, the cost 
method is not capable of any simple and comprehensive expression. 
The nutritional method is capable of concise and accurate expression. 
Further, freely marketable feeding stuffs tend in trade to take values 
in proportion to their nutritive qualities. The nutritional method, 
therefore, gives a value which it may be expected that silage would 
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assume in trade if it were freely marketable. The writers prefer 
and recommend the nutritional method of evaluation. 

Practically, it may be said that hay contains 50 percent of digestible 
nutrients. As a general expression, then, the value of a ton of com 
silage may be computed by the formula 

XC+ 2 Y }1 

in which X = bushels of corn per ton of silage; (' = farm value of com 
per bushel; Y — pounds of digestible nutrients in the non-grain por¬ 
tion of the ton of silage; and H ==farm value of hay per pound. 

Application of formula. The values to be used for C and H offer no 
particular difficulty. They may be had with reasonable definiteness 
from the market reports of farm values of com and hay respectively. 
The values to be used for X and Y offer more difficulty. For the 
average of the silage in the present work X = 4.6 and Y = 133, assum¬ 
ing the average digestible nutrient content of the silage to be the 
same as the average given by Henr)' and Morrison. ProVjably these 
values may be safely used as, for example, Ross, Hall and Rhode (5) 
have used them, in dealing with the average of a number of lots of 
silage. Caution must be used in ap])lying the average values to any 
particular case. 

The value of well preserved com silage is determined largely by two 
factors: (1) The percentage of dry matter, and(2) the proportion of 
the dry matter which is present as grain. Silage is so variable in 
these two qualities that the average figures found above for X and Y 
are limited in their value for specific application. In the silage 
reported in Table i, the grain content ranged from 2 to 8 birshels per 
ton. The dry matter content of the silages, on which the average 
analysis is based, ranged fnmi 12 to 42 percent.^ Hence it is apparent 
that the values for the factors X and \ must be determined for each 
lot of silage to be evaluated, if the results are to be most satisfactory. 

Determiations of X and 1 ’. The value of X may be determined 
from the acre yields of silage and grain by weighing the crop as 
harvested, and leaving a few representative rows standing in the 
field for harv'est of the grain. From the yield of grain by the check 
row^s the acre yield may be computed, and thus the bushels of grain 
per ton of silage. 

A laboratory method for the direct determination of the dry matter 
content and grain content would be very useful. The dry matter 

*Prof. Morri.son has kindly supplied tlie references for these analyses. Of the 
analyses available to the authors, 119 in all, the mean percentage dry matter 
content is 26.88±,33; standard deviation, 5.29=4=.23; coefficient of variability 
19.68d=.89. This variability is very high. It is hardly permissible to apply a 
mean value to a particular variant when the variability is as great as this. 
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may, of course, be determined by the official chemical method. 
The writers have attempted to adapt the Brown-Duvel (6) moisture 
tester apparatus and method to silage. The work done appeared 
promising for the success of the method, but it is left unfinished. A 
difficulty lies in securing a small sample of silage which is representa¬ 
tive. A large cork borer may be used to advantage here. With it a 
cylindrical core may be cut to a depth of several inches from the 
surface of the silage in the silo. Workers at the Illinois experiment 
station are using satisfactorily a larger instrument of similar principle, 
which cuts a core 3,57 cm. in diameter, (10 sq. cm. cross area) and 
up to 100 cm. in depth for the sampling of silage and other coarse 
feeding stuffs (q). 

Direct determination of the grain content of silage is a much more 
difficult problem. Mechanical separation of the grain and stover 
completely enough to give accurate results as to the proportion of 
each appears impractical. It is ])ossiljle that chemical difTerentiation 
may be used, on the basis of some constituent occurring exclusively, 
or nearly so, in either the grain or stover. Starch is a ])ossibility in 
this respect, since the grain contains a large ])ercentage of starch and, 
according to Jones and Huston (7), from ten to twenty times the 
amount of starch in the accompanying stover. Thus, a starch 
determination on a sample of silage and on a sample of grain sepafated 
from the silage could be made the basis of estimating a])proximateh' 
the grain content of the silage. 

Another possiblity is that the grain content ma}^ be estimated from 
the i)erccntage dry matter content of the silage under certain con¬ 
ditions. This is given some promise by the data of Myers, Love and 
Bussell (8). Table 2 prepared from their data indicates a very high 
correlation (r = .960±,003) between percentage grain content and 
percentage dry matter content of vsilage. 7 'he line of regression is 
obviously very nearl}'^ linear and an equation expressing the mean 
relation between the two variables could be easily derived. A co¬ 
relation of .96 would justify the use of such an equation, at least for 
approximate work. The estimation of grain content might thus be 
greatly simplified. 

It should be noted that the results quoted in Table 2 were obtained 
from small experimental plots. The data refer to the crop at time of 
harvest. Their “silage” is not ordinary silage, from the standpoint 
of method of harvest or curing. Their “dry grain” and “dry mat¬ 
ter” appear from the text to mean air-dry material. Their data are, 
therefore, only suggestive with respect to the relation between dry 
matter and grain content in silage, as harvested and stored in practice. 
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Table 2 .—Correlation of the variables percentaffe dry grain"' content and percentage 
‘'dry matter"" content in corn ‘ 'silage." 

Percentage “Dry (irain*’ Content—Class Mici-Points. 
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r = .96ortr.<)<)3. 

•‘Data from Cornell Agr. Exp. Sta. Bnl 408 


As a further refnienient in the use of the nutritional formula for 
the evaluation of silag:e it would be desirable to know the digestibility 
of the grain and stover ])ortions of silage sei)arate]y. Data as to this 
seem to be entire!}" lacking; although, there are, of course, c(msider- 
able data on the digestibility of silage as a whole. Sufficient grain 
could readily be separated frcun nonnal corn silage for determination 
of digestiblity. It is not feasible, however, to separate a repre¬ 
sentative portion of the stover ]>ortion without including any grain. 
The, digestibility factor for the stover portion would ])robably be 
closely approximated by that of green stover silage. Until such 
time as experimental data arc obtained it is necessary to assume 
digestibility factors for the grain and stover portions of silage in 
applying the formula for evaluation.^^ 

®The digestibility of corn silage as a whole must be greatly affected by the 
proportion of grain dry matter and stover dr>" matter in the silage. Henry and 
Morrison give the digestibility of the dr}^ matter in dent corn as 90 percent, 
that in corn stover as 57 percent, and that in c^orn silage as 66 percent. In 
feeding trials where the digestibility of the silage is not determined it should, 
obviously, be estimated in accordance with the proportion of grain and stover, 
The majority of the reports of feeding trials with silage, however, give no inkling 
that the grain content of the silage has been given any consideration. 
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SUMMARY 

Two methods are used in this paper to evaluate com silage: 

(i) A cost accounting method, in which the silage is charged with 
the value of the corn crop in the field at the time of silage harvest, 
the cost of harvest, storage, etc.; (2) a nutritional method, in which 
the silage is converted into terms of shelled com and hay on the 
basis of digestible nutrients, and the market values of these feeds 
are then used to evaluate the silage. 

The first method is illustrated with data from cost accoimting rec¬ 
ords kept on sixty-eight Illinois farms during the seasons 1912 to 
1916, inclusive. The total silage acreage was 1,725 and yield 9,847 
tons, containing an average of 4.6 bushels of com per ton. The 
method gave an average value of $4.53 per ton. 

The data for the second method depend in part upon the averages 
of the published analyses of com silage. I'he average ton of silage 
above was converted into terms of 4.6 bushels of com plus 270 pounds 
of hay. Applying the average farm values of com and hay for the 
seasons mentioned gave a value for the silage of $4.59 

The com-plus-hay evaluation of silage (per ton) is recommended 
by use of the formula, XC+2 YH, in which X is bushels of com per 
ton of silage; C is the farm value of corn per bushel; Y is pounds of 
digestible nutrients in the non-grain portion of the ton of silage; 
and H is the farm value of hay per pound. The values for C and H 
are to be had from market reports. The data given indicate an av¬ 
erage value of 4.6 for X and 133 for Y. But com silage is so extremely 
variable in grain and dry matter content, that the actual value for X 
and Y should be used, if possible, f(>r the particular lot of silage to be 
evaluated. 
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DEVELOPMENT OF WHEAT PLANTS FROM SEMINAL ROOTS^ 

Lowell F. Locke and J. Allen Clark^ 

NORMAL DEVELOPMENT OF WHEAT ROOTS 

There normally are two sets of roots which support the [growth of 



Fig. 1 —Young wheal showing developmenl of the crown and per¬ 

manent roots fr(»m the end of the elongated mesocotyl, some distance 
from the seed. 


^Contribution from the Bureau of Plant Industry, U. S. Department of Agri¬ 
culture, Washington, 1 ). C. Received for publication, February i, 1924. 

^Assistant Agronomist at Woodward, Oklahoma, Office of Dry Land Agri¬ 
culture Investigations, and Agronomist in charge, Western Wheat Investigations, 
Office of Cereal Investigations, respectively. 
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the wheat plant. The first, the seminal or seedling roots, are pro¬ 
duced by the young plant as it develops from the seed. The second, 
the coronal or permanent roots, arise from the crown usually just 
below the surface of the ground. The crown also is the place of origin 
of the shoots produced by the seedling. The distance between the 
seed and the crown varies with the depth of seedling. 

When seeds are sown near the surface the crown is formed at or 
but little above the seed. When seeds are sown deeply, the plumule 
is pushed upward and the crown still is formed near the surface. 
(Fig. 1). That part of the plant between the seed and the crown is 
the mesocotyl, an underground stem which also has been called the 
subcoronal intemode. Under field conditions this may vary from 
less than one inch to three or four inches in length and has about the 
diameter of a pin. 

In normal growth, the young wheat plant is nourished by the endo¬ 
sperm contained in the kernel and from the seminal roots through 
this mesocotyl until the secondary or coronal roots are formed at the 
crown. The latter then provide for the further development of the 
plant. These roots greatly surpass the seedling roots in number 
and size. 

OBSERVATIONS ON DELAYED ROOT DEVELOPMENT 

Two instances are known to the writers where physical conditions 
prevented or delayed the development of the secondary or coronal 
roots and the wheat plant continued to be supported in its grow^th 
by only the seminal roots at the base of the mesocotyl or underground 
stem. In spite of this condition, the leaves, stems and even spikes and 
seeds developed. 

In semiarid and arid sections of the western United States, moisture 
usually is the principal limiting factor in wheat production. The 
total amount of precipitation received is important, but not so 
vitally important as the distribution during the crop year. The 
abnormal, or delayed, development of root systems here report.ed is 
due principally to the time, nature and amount of precipitation. 
Observations at Nephi, Utah, in 1919 

At and about Nephi, Utah, Aaron P. Bracken, superintendent of 
the Nephi Substation, made observations on the winter wheat crop 
of 1919. Table i shows the dates andamounts of precipitation at the 
Nephi Substation from July, 1918, to Jime, 1919, inclusive. 

In 1918, the precipitation was slightly below normal for September 
and October, but above normal for November. Even though the 
precipitation was below normal, the soil was moist enough to produce 
almost perfect germination. 
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The winter followed with the amount of precipitation below normal 
every month. The soil remained frozen, with the exception of about 


Table i. —Dates and quantities of precipitation from July i, IQ18, to June 30, iQiQf 
at the Nephi Substation, Nephi, Utah. 


July 

August 

September 

October 

November 

December 

Date 

In. 

Date 

In. 

Date 

In. 

Date 

In. 

Date 

In. 

Date 
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.26 

15 

.02 
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three inches on the surface. As the frozen layer stopped the natural 
downward movement of the water, the surface was completely 
saturated. April began with warm weather and an unusual amount 
of wind. This, aided by the low rainfall, dried the surface of the soil 
into an extremely hard crust. 

The plants which emerged before winter foimed the crown near 
the surface of the soil Under the abnormal spring conditions most 
of the plants were not able to develop peimanent roots, due to the 
thick crusts. The first or seed roots sustained the plants. 

The precipitation for April and May was below normal and in 
Jime there was not even a trace of moisture. During the last week 
of June, when the wheat was beginning to mature, high temperature 
and high winds caused a rapid ripening of the wheat. Many of the 
plants, w^hich had never developed permanent roots, were blown 
over during the wind storms, resulting in serious losses. Figure 2 
shows a picture of a winter wheat plant which developed to maturity 
at the Nephi Substation from moisture obtained by the seminal roots 
and transmitted through 3 to 4 inches of mcsocotyl or imderground 
vStem, surrounded by dry crusted earth in which no permanent roots 
developed. 
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Observations at Woodward, Oklahoma, in 1922 
Winter wheat in the district alxmt Woodward, Oklahoma, is sown 
mainly in September. From a glance at the precipitation record 



Fic.. 2—Plant of winter wheat which developed 
to maturity at Nephi, Utah, in 1919, from 
moisture obtained by seminal roots and trans¬ 
mitted through the hypocotyl or underground 
Stem to the crowm. (Photographed by ). A. 

Clark.) 

for the latter half of the year 1921, it is evident that so little rain fell 
in that season as to make conditions unfavorable for germination and 
growth. 

Immediately after the rain of 2.80 inches on September 7, a veiy 
large acreage of wheat was sown and came up to a good stand. Veiy 
little of it, excqrting in favored spots, formed any but the seminal 
roots during the fall. Despite this, it made a fairly vigorous top 
growth. Despairing of its ever making a paying grain yield, a few 
fanners had turned stock in upon it and many more had concluded 
to do so “in order to get what they could out of it.” Lightly rooted 
as it was, stock entirely' destroyed it in a very short time. 

On the Field .Station, it was decided to water small plats to de¬ 
termine the results that farmers might expect if fall rains came. 
The reaction to watering, even lightly, was favorable, the wheat mak¬ 
ing permanent roots with great rapidity. As an outcome of this 
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Table 2. —Dates and quantities of precipitation from July i, 1921, to June 30,1922^ 
at the Woodward Field Station, Woodward, Oklahoma, 
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Date 
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experiment, the results of which were }>ublished locally, thousands of 
acres were saved from destruction by grazing and, rains finally com¬ 
ing, the wheat at hai'vCvSt made paying yields. 

As conditions similar to those experienced may prevail again, a 
study of the experience at Woodward should be of ^"alue. Such a 
study can be made from the following photographs and tables with 
ver>" little explanation. 

The plants shown in Figure 3 grew on plats one yard square, 
sown about September 20, and (with the exception of gi'oup A, 
which was not watered) watered with a sprinkling pot on November 
26 at the following rates in acre-inches: group B, .25; group C, .50; 
and group D, i inch. The plants were photographed on December 5, 
only nine days after watering. Root growth varied with the quan¬ 
tity of water applied, but showed great response to even a small 
amount. 

The photograph shown as Figure 4 was taken on January 31, 
after .89 of an inch of rain had fallen on January 9 and 10. Plants 
from Plat A are shown on the left, and from Plat D on* the right. 
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Fig 3 — Young wheal plants grown at W(K)(hvanl, Okla (A) not watered, 
B, C', and D irrigated on No\ 26, with 2S inch, t)0 inch, and i o inch of 
water per acre, respectively (Photographed on Dtc s 1921 l)^ Lowell F 
Locke) 

The watered plants had made much the greater kwwth, but the un¬ 
watered plants had responded well also, although they had remained 



Fig 4 —Plants taken from the plats represented by group A and group D of 
Fig 3. showing on )an 31, 1922, the growth of unwatered (A) and watered 
plants (B), after 89 inch of ram, which occurred January 9 and 10 (Photo¬ 
graphed by Lowell F Locke ) 
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practically at a standstill, as shown by Group A, in Fi^re 3, until 
rains fell in January, a period of over three months. 

The soil moisture conditions throughout the season are of interest 
and suggest ex])lanations for the peculiar condition f)f the wheat, 
which was previously unheard of in this section. No moisture data 
are available from the plats cropped to wheat, but there are an 
abundance from those cropped to rye. Samples were taken on 
November 26 from rye plats, all of which were sown in September. 
They contained jjerccntages of soil moisture, showm in Table 3. 


Table 3. —Percentages of moisture %n upper and second six-inch soil layers of rye 
plats at Woodward, Okla., on November 26, iq2J. 


Layer siampled 

Upper 6 in 
Second 6 in 


Plat A 

Idowcd Sept. 23 
3 in. deep 

1.9 

4.8 


Plat B 

Plowed July 22 
8 in. deep 

2.3 

50 


Plat C 
Fallowed 


2.6 

5-0 


The data do not indicate how ver\’ dry and dusty were the two or 
three inches at the surface, but they do show that the to]) soil was 
very dry, while a few inches below there was enough moisture to suport 
considerable growth. In this soil, which is sandy, the percentage of 
moisture rarely exceeds 0 percent, and often is as low as 2 percent 
before ])lants die. 

Table 4 shows percentages of moisture in samples taken from the 
same plats to the depth of six feet throughout the cropping season. 

Table 4. —Percentages of motsturc in each of the first stx one-foot soil layers of rye 
plats at Woodward, Okla., on nine different dates during the growing season for the 


IQ22 crop. 

Depth in 1921 1922 


feet 

9/24 

lO/l 

Plat 

11/26 4/1 4/15 

.4. Plmved j inches deep 

5/6 5/20 

on Sept. 23. 

6/13 

6/20 

I 

4.8 

4.6 

3-5 

10.8 

9.2 

9.2 

8.2 

34 

3*1 

2 

4-4 

47 

41 

87 

8.9 

8.9 

8.6 

6.1 

5*3 

3 

3.9 

4.2 

3 .h 

9-1 

9-1 

8.0 

77 

54 

5*6 

4 

3.4 

34 

3-2 

8.0 

7.6 

7.7 

77 

6.1 

5.2 

5 

3.6 

3.0 

3.5 

6.6 

8.5 

77 

8.0 

54 

5.0 

6 

2.4 

2.4 2.5 6.0 6.3 7.7 

Plat B, Plmved 8 in. de.ep on July 2, 

72 

2. 

4.8 

4*7 

I 

8,4 

77 

37 

9.6 

7.9 

7.0 

5.5 

3.3 

2.8 

2 

8.1 

7.8 

54 

8.3 

8.7 

6.2 

5-5 

4-2 

3.6 

3 

8.1 

7.8 

6.1 

8.0 

7-9 

5.7 

5-5 

4-7 

4*4 

4 

8.3 

8.2 

7.6 

8.3 

8.1 

7-2 

6.4 

5.8 

5.1 

5 

77 

7*9 

7.3 

8.1 

8.3 

8.8 

7.7 

6.3 

5.0 

6 

7.6 

77 

7.6 

8.7 

Plat C— 

7.8 

Fallowed. 

8.2 

7-3 

6.0 

5*9 

1 

8.7 

8.5 

3-3 

9-2 

74 

6.0 

4-4 

3-1 

2.6 

2 

8.4 

7.8 

4.5 

9.1 

9.3 

5.6 

5-3 

4.0 

3.8 

3 

7.8 

7-5 

5.0 

6,8 

7.5 

6.5 

4.8 

41 

3*9 

4 

8.7 

9.6 

8,2 

8.6 

8.8 

8.0 

6.3 

5.6 

5*1 

5 

8.6 

9.2 

7.6 

7.9 

7.8 

6.8 

6.9 

7-2 

5.8 

6 

8.3 

8.3 

7,0 

8,9 

8.6 

7.0 

8.0 

5.6 

5.8 
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The yields of grain from these rye plats were as follows 

Plat . . A B 

Date planted. 9/24/21 9/24/21 

Date harvested. 6/20/22 6/14/22 

-Yields, bushels per acre. 7.9 19.3 


C 

9/24/21 

6/14/22 

25.2 


The yields of winter wheat on plats treated exactly the same as 
the rye plats, in which moisture content was determined, and ad¬ 
jacent to them, were as follows: 

Plat . A 

Date sown. 9/23/21 

Date harvested. 6/20/22 

Yields, bushels per acre. 13.3 

SUMMARY 

Under normal conditions two kinds of roots are developed by the 
wheat plant. The first are seminal, or seed, roots and the second 
are coronal, or permanent roots. In two different instances, physical 
conditions have been observed to prevent or delay the development 
of the permanent roots. At Nephi, Utah, in 1919, packing, drying 
and crusting of the soil prevented normal development of the perma¬ 
nent roots. At Woodward, Okla., in 1922, extremely dry surface soil 
prevented penetration of the permanent roots. Under these con¬ 
ditions, the seminal roots furnished sufficient moisture to maintain 
the growth of the wheat plant to maturity, or until rains occuiTed 
and permanent roots developed nonnally. 


B C 

9/23/21 9/23/21 

6/13/22 6/13/22 
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WINTER HARDINESS OF MEDIUM RED CLOVER STRAINS* 

A. C. Arny^ 

In roimd numbers there were imported into the United States, in 
1919, 1920, 1921, and 1922, red clovei seed in the amounts of 7, 12, 
16, and 10 millions of pounds, respectively, largely from France, 
Italy, and Chile. In 1923, only half a million pounds were brought 
in. This year, due to the short clover crop in the United States, 
which is estimated at 78.1% as compared with the 1922 crop (i),® 
an tmusually large amount is likely to be imported, in view of the 
fact that the crop, in Europe particularly, was better than usual. 

Data presented by Wiggans (2) show that, under New York 

^Published with the approval of the Director as Paper No. 417 of the Journal 
Series of the Minnesota Agricultural Experiment Station, St. Paul, Minn. 
Received for publication February 5, 1924. 

*Ptofessor of Agronomy and Head of the Section of Farm Crops, Division of 
Agronomy and Farm Management. 

•Reference by number is to “Literature Cited,*' p. 278. 
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conditions, stands of clover secured from the use of Italian red clover 
seed winterkilled 95%, from French seed, 20 %, and native seed 
Michigan grown 10 %,. The yield of hay from the stand secured from 
using Italian wSeed was 334 pounds per acre as compared with 6,635 
pounds per acre from stands secured from native seed and 5,966 
pounds from French seed. In another publication (3) data presented 
show yields on a percentage basis f r Italian and French seed to be 
4 and 76, respectively, as compared with 100 for Michigan-grown seed. 

For Michigan, Mcgee (4) has foimd plants from Italian red clover 
seed winterkilled 50^7 or more. From the first cnitting, a yield of 
1.32 tons of hay per acre was secured from the plots sown with Italian 
seed, 2.85 tons from native seed, and 2.46 tons from French seed. 
There was no second cutting from the plots planted with Italian seed 
and a poor second crop from the French seed, as compared with a 
good second cr(-)p from native seed. Second growth is important in 
clover for jiasture or plowing tinder for green manure. 

Data jircsented by Pieters (5) show that Italian, French, and 
Chilean seed is not adapted for use in the northern states. 

EXPERIMEISITAL WORK 
TECHN19UK OF THE Work 

In the spring of 1922 seedlings of medium red. mammoth red, and 
alsike clovers were made on quadruplicate plots (four strains were 
sown in duplicate onh', because of lack of sufficient seed) 5 feet wide 
and 132 feet long, with alleys i foot wide between each two plots. 
The seed was vSectired for the most part through the coo])eration of 
Dr. A. J. Pieters, in charge of Clover Investigations, Forage Crop 
Investigati(jns. Bureau of Plant Industry, United States Department 
of Agriculture. The ckn’er see<l was evenly distributed by hand at 
the rate of twelve potmds of good seed per acre on each plot. The 
plots were then liarrowed lengthwise and oats drilled crosswise. 
The oats were cut for hay, in order that the stands of clover might not 
be injured by any possible lodging, (lood stands wxrc secured for 
all strains wnth the exception of that from Wisconsin. The stand for 
this strain averaged 82 5^. Red clover seed from Wisconsin is the 
equal in every resi.)ect to seed secured from other northern states, 
but this particular sample jiroved to be low in gennination. In 
early May, after the large majorit}' of the injured or killed plants 
had become discolored or nearly dry, so as to be easily distinguished 
from the uninjured ones, the number of plants in three square yards 
(4) in each plot was counted. The number of the live and dead, or 
badly injured, plants was recorded. From these counts the percentage 
of winterkilling w^as computed. 
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When the clover had reached the proper stage of development for 
hay, the produce of each entire plot was weighed green and a shrinkage 
sample taken, which was permitted to become air dry. The air-dry 
samples were then dried in a steam heated oven to constant weight. 
These weights were increased by 15% to give weights comparable to 
air-dry weights of hay. 

Weather Conditions 

The winter of 1922-23 was approximately normal for Minnesota 
as compared with others for several years back. The minimum 
temperatures, together with the maximum recorded, are given in 
Table 1. 

Light freezing of the ground took place in late November and earl>' 
in December it froze solid and remained, in this condition up to the 
latter part of March. During the latter part of March the ground 
thawed to a depth of 3 inches. After this it froze again and remained 
so until April 12. During January and February and the first part 
of March the ground was covered with snow. During the latter ])art 
of March and first ])art of April there was no snow. The lowest 
temperatures recorded for the winter season were 15° F. for De¬ 
cember and -7°, ’ 27° and -17® respectively for JanuarA\ Februar>% 
and March. 

On Januar}’ 2, a careful examination of a number of plants of each 
strain was made. Many plants were found in the 'I'ennessee, Italian, 
Chilean, and French strains which were brown in the central jiortion 
of the root for six to eight inches dowm. Other observations were 
made at inten^als and it is thought the plants were killed chiefly dur¬ 
ing the cold weather between December and March and not during 
the alternate thawing and freezing of the latter part of March and 
the first part of April. 

During May and June the rainfalh was slightly above normal. 
Therefore, there was ample moisture for, the first cutting of hay. 
During July and August the rainfall was approximately 50% of normal 
which was not sufficient for a good second cutting. 

Results of the Tests 

In Table 2, there are given the data on the original stands, the 
number of plants killed during the winter, the percentage of winterkill¬ 
ing in each plot, and the average for each strain and the yields of hay 
on a 15% moisture basis. An examination of the data for stands 
shows that there were with only one exception more plants per 
square yard on the first plot of each strain than on the third or fourth, 
^is is due to the fact that the first and second plot of each strain 
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was on a soil of better physical condition and somewhat more pro¬ 
ductive than that of the adjoining series on which the third and 
fourth plots of each strain were grown. Two strains from Finland 
and one each from Bohemia, Holland and Chile were grown only 
on duplicate plots and therefore occurred only on the soil in the 
better physical condition. Because of lack of time, no counts were 
made on the second plot of each strain, but the stands on them checked 
very closely with those on the first plot of each strain grown on the 
same series. With a few exceptions, the winterkilling perc'entages 
are as consistent as could be expected under the conditions. 

The strains are grouped in the table according to the average 
percent of winter killing. This method of grouj^ing brings together 
fairly well strains of similar origin. 

Considering first the strain nativ^e to the clover seed producing 
sections of North Central and North Intermountain states, the data 
show a maximum winterkilling percentage of 20 .t on any one plot. 
The average winterkilling for this group of vStrains is 9 per cent, not 
including the data for the alsike. The yields per acre are lower for 
the mammoth strains than for the alsike or the medium red. The 
differences in yields of the medium red strains arc not great enough 
to be considered significant. 

In the next group, there are included the strains of nativ'C seed 
grown in states farther to the cast, south, and west than those of 
the first group. The average winter killing is higher than for the 
strains in the first group, but there still remained alivx' and in a 
vigorous condition in the plots planted with seed from Ohio and 
Tennessee, two hundred and thirty-three plants per square yard as a 
minimum. This is ample to produce a good yield of ha>'. The 
strain from Oregon had poorer stands in three of the plots and tlu' 
plants were not as vigorous as is desirable. 

The strains from northern Europe have been divided into two 
groups according to the percentage of winterkilling, which averages 
23.4% in the first and 51.7% in the second group. The stands from 
the Polish and Australian strains varied considerably on the four 
plots planted with seed from these sources. Where the number of 
vigorous plants was much below one hundred fifty to two hundred, 
the hay was coarse and contained considerable weeds. 

The winter killing for the strains from France, including one 
strain each from Wales, Chile, and Italy averaged 81.4%, 89. 5%, 
93»8%, respectively. While the first plot of the four of the 
French strains and the strain from Wales had a fair stand, the other 
three were so poor that no yields were taken. The average number 
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of vigorous plants per square yard for the Chilean and Italian strains 
was so small that no cuttings were made. It was difficult to see the 
clover plants on accotuit of the weeds which had sprung up in the 
space left vacant by the clover plants which were killed. 

SUMMARY 

In Minnesota, medium red clover seed produced in the Northern 
tier of the North Central and the North Intermountain states gave 
uniformly low percentages of vrinterkilling and averaged good yields 
(jf hay in both the first and second cuttings. 

Seed produced in Tennessee and Oregon did not give as uniformly 
satisfactory re.sults as that produced farther north. 

The strains coming from Northern Europe winterkilled to a greater 
(‘xtent than the Northern-grown native strains, but on a very large 
majority of the i)lots a sufficient number of vigorous plants remained 
to give good >'ields, with few exceptions. The results with the 
strain from Australia were more variable than the results from the 
Northern European strains. 

Strains of medium red clover seed jiroduced in France, Chile, and 
Italy winterkilled 81%, 89.5%, and 93.8%, resiiectively, and no 
measurable yields of hay were secured. 

Seed produced in the northern tier of states of the United States 
should be gi^’en preference in all reseedings made in these states in 
1924 and following years. This is important in order that growers 
may be certain (;f having good-seed-yielding strains, wdiich will 
]jroduce seed of the hardy strains needed to maintain good stands in 
this section in the future. 

Until it can be known with reasonable certainty that .seed shipped 
to the United States from north European countries has actually 
been produced there, such seed cannot be recommended. 

Seed proiluced in France, Chile, and Italy obviously has no place 
in Minneosta or other states of similar climate. In northeni locations 
where stands obtained from these sources did come through the 
winter and produce yields, there was a good snow covering for their 
jirotection. Snow coverings cannot be relied on to remain during any 
winter in any of the northern states. Therefore, the fact that these 
strains did live through one winter can scarcely be interpreted as 
] )roof that their use throughout a period of years would be satisfactory. 

The conclusion is obvious that a livestock farmer who depends on 
clover to feed his herd cannot afford to sow an>i;hing but native 
northern-grown seed and can well afford to pay a premium for such 
seed. 
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MODIFICATIONS OF PLANT GROWTH AND ASH CONTENT 
AS EFFECTED BY ACIDS ADDED TO SOILS' 

R. H. Carr and H. G. Havercamp" 

That there is a distinction between acid soils and toxic soils has 
been noted by many soil investigators, but the conditions of acidity 
which develop unfavorable and toxic, or acid, soils are niU- well 
defined or understood. The term toxic is usually ai)])lied in a broad 
way to any soil that is unfavorable to plant growth; whereas acid, 
in its chemical meaning, refers to free hydrogen ions, or more generally 
to the result of this ionic activity in producing compounds of the acids 
that are harmful to the growth of plants. Thtis, aluminum acetate 
and sulfate are the results of the activity of acids in soils, or acid 
toxicity, whereas the presence of such compounds as cumarin, or 
dihyroxystearic acid, etc,, cause the soils to be often referred to under 
the general head of toxic or organic toxicity. The effects of organic 

*Paper presented at the symposium on “Soils, Fertilizers and Crops" at the 
meeting of American Chemical Society held in Milwaukee, Wisconsin, vSeptember 
J2, 1923. Received for publication February 5, 1924. 

•Professor of Agricultural Chemistry at Purdue University, Lafayette, 
judiana. and Chemist, Swift and Co., Chicago, Illinois, respectively. 
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toxins are not so easily studied as are those connected in some way 
with acidity, hence acidity to many has come to mean the same as 
toxicity in soil. 

The writers do not believe that acidity by itself, in the concentra¬ 
tions usually found in a soil, is harmful to a plant. This general view 
seems to be expressed also by McCall ( t),'^ and with certain limitations 
by Truog (2). In ])revious work by one of the writers (3), it has 
been found possible io inject 30 cc. of tenth-normal hydrochloric or 
sulfuric acid or 20 cc. of 1 percent acetic or malic acid into corn 
plants without any apjiarent injury. The plants, however, seemed 
to be unable to stand the same quantities of two-tenths normal acids. 

KXPERiiVIBNTAL WORK 
Purpose of Experiment 

"I'his investigation was planned to test the injurious effects of an 
organic acid, acetic, as compared with those of an inorganic oik\ 
sulfuric, when added in different amounts to a .silt or a clay loam 
soil. In addition to these, two other inorganic acids, silicic and 
}.)liosphoric, were usc(l, because of their ability to comVjitie with alum¬ 
inum, iron and possibly manganese and thus make less soluble and 
less toxic compounds of these elements, even in the presence of the 
free acids added. 

l^LAN OF T.\VE.sTK..V1IOX 

d'wo series of plants were grown in gallon cn^cks in a greenhouse, 
using soils treated with varying amounts of different half-nonnal 
acids (the normality was determined by titrating against half¬ 
normal sodium hydrate, using pheni)hthalein as indicator). !n the 
first series Sioux silt loam soil was used ^ind Itosan soybeans were 
planted in all pots. Each set of two pots had the following amounts 
of acid added weekly. 5 cc., 10 cc.. 15 cc.. 20 cc , and 25 cc , respec¬ 
tively. This made forty-five pots in all, of which forty had the four 
different acid treatments and five were checks. In tlie other series, 
Miama clay loam soil was used and buckwheat \vas growm in all the 
pots. The acid solutions were added to the edge of the pot, after 
first having been mixed with the proper amount of w^ater needed to 
maintain optimum minsture conditions. This acid treatment w’as 
continued for ten weeks, thus making a total of 50 cc. f<^r the pots 
having the least acid added and of 250 cc. for those receiving the 
highest amount. 

l^LANT Growth Obtained 

The green weights of the plants obtained from the soils which had 
received the different acid treatments are given in Table i. 

^Reference by number is to “Literature Cited,” p. 283. 
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Tabi.e I. 


sec 

lOCC 

I sec 

20 CC 

2$CC 

Total 


sec 

lOCC 

I sec 

20 CC 

25CC 


-Tdble showing the average green weights at ten weeks of soybeans and 
buckwheat j^ants from soils treated with different acids. 


Sulfuric acid pots 
Soybeans Buckwheat 


70.5 gms 

58.5 ' 
60. 

SO 

si- 


18.5 gms 
17. “ 

16. ‘‘ 

14-5 
13 - “ 


290. 79. “ 

Phosphoric acid pots 


Soybeans 
49.5 gms 

S 3 . “ 

44. “ 

SS- “ 

48 “ 


Silicic acid pots 
Soybeans Buckwheat 


59.0 gms 

70.5 “ 
74. “ 

61. “ 

74. " 


27.5 gms 

28. “ 

31 . “ 

27.5 “ 

27.5 “ 


Buckwheat 

20. gms 

21. “ 
22.5 ‘‘ 

19. “ 

18. “ 


358.5 141.5 

Acetic acid pots 


Soybeans 

54.5 gms 

72.5 “ 

3 S S “ 

2 S. “ 

3 b. “ 


Buckwheat 

9.5 gms 
10. 

5. ‘‘ 

4 .5 “ 

3.0 “ 


Total 2495 “ 1055 “ 221.5 “ 

Average of cheeks. Soybeans, 53 5 gms.; Buckwheat, 24.0 gms. 


32.0 


Jt Will be noted from the data prcvsented in Table j that 111 both 
series of plants in the sulphuric and acetic acid treatments the weights 
of the plants decreased as the amount of acid was increased; while 
in the silicic and phosphoric acid treatments the weights of the j>lants 
either continued about the same or increased as the amount of acid 
increased. The probable reason for this will be given following the 

T\inb 2— 7 'able showing percent and partial tom position of ash of buckwheat 
plants grown on soil containing diffennt acids 
Amount 

acid Total Composition of the Asli 



added 

ash 

CaC 

MgO 

A1,0, 

Fe,(), 

Mn,0. 


Percent 

, Pcrci*nt 

Percent 

l\Tcent 

Percent Percent 

Percent 

♦Sulfuric acid 


7.45 

22.40 

2.67 

8.73 

.301 

•43 

Scrie.s 

lOCC. 

7.81 

22.32 

7.44 

2.77 

.333 

.45 


15CC. 

8.08 

19.01 

4.75 

3 44 

.361 

.51 


20CC. 

9.74 

7.15 

3.88 

3.59 

.387 

•55 


25CC 

10.89 

5.59 

3.27 

3.91 

. 39 t> 

•54 

Totals 


43.97 

76.47 

28.07 

t6 38 

1.772 

2.^ 

Silicic acid 

5CC 

7.21 

11.19 

3.51 

.07 

.272 

.39 

Scries 

lOCC. 

8.18 

12.92 

3.70 

0.06 

‘273 

•42 


15CC. 

8.51 

13.61 

3.72 

0.06 

.267 

39 


20CC. 

10.99 

14.51 

4.20 

0.04 

.270 

.39 


25CC. 

11.96 

14.75 

6.65 

0.02 

•259 

•35 

Totals 


46.85 

66.98 

21.78 

0.2S 


1.94 

Acetic acid 

5CC. 

8.82 

9.61 

2.73 

3.75 

.300 

•39 

series. 

lOCC. 

8.74 

9.04 

2.07 

3.77 

.306 

•42 


I5CC. 

8-43 

8.03 

1.77 

3.99 

.327 

.47 


20 CC. 

8.28 

7.93 

1.54 

4.44 

.372 

.44 


25CC. 

8.00 

6.00 

1.15 

4.52 

.421 

*53 

Totals . 


42.27 

30.61 

9.26 

20.47 

J.726 

2.25 

Phosphonc acid 5cc. 

10,32 

11.37 

3.01 

0.86 

.257 

.35 

senes. 

lOCC.* 

9.53 

12.45 

3.28 

0.87 

.259 

.35 


I5CC. 

8.58 

12.57 

3.37 

0.85 

.263 

.35 


20 CC. 

7.29 

12.65 

3.44 

0.77 

.271 

.24 


25CC. 

7.04 

13.55 

3.35 

0.76 

.270 

.20 

Totals. 


42.76 

62.59 

>6.45 

4./1 

1-3^0 

1.49 

Checks. 


8.96 

10.07 

3.95 

0.28 

273 

*39 
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presentation of Tables 2 and 3, where the mineral differences of the 
1 slants are shown. It is of interest, however, to note the large amotint 
of acid which may be added to a soil without preventing good plant 
growth. This result seems to follow when the acid chosen is of such 
a type as to permit the formation of the relatively insoluble compounds 

Table 3. — 7'ahk showing percent and partial composition of ash from soybean 
plants on soils containing different cLcids. 

Amount 

acid Total Composition of the Ash 

added Ash CaO MgO AhO, FeA 

Percent Percent Percent Percent Percent Percent 


Sulfuric acid 

5CC, 

9.48 

8.21 

2.76 

4.77 

.218 

.0182 

Scries 

lOCC. 

949 

7.13 

2.00 

* 4.96 

.238 

.0725 


15CC. 

9.65 

550 

1.87 

505 

■378 

.102 


20 CC. 

9.87 

3-55 

1-59 

507 

413 

.ri 6 

Totals 

25CC. 

14.00 

2.01 

1.37 

5.10 

419 

.167 


5249 

26.40 

P. 5 P 

24.95 

1.666 

.475 

Silicic acid 


9.07 

t >.93 

2.13 

3.69 

.215 

.069 


lOCC. 

H.35 

7.0 

2.16 

4.50 

.209 

.108 


I 5 CC 

8 29 

7.05 

2.81 

4.92 

.200 

.145 


20CC. 

8.01 

7.56 

2.81 

4.93 

.195 

.174 

Totals 

25CC. 

7.91 

«45 

3.12 

5.34 

.198 

.192 


41.63 

36 .Q(^ 

J 3^03 

23.38 

1.017 

.688 

Acetic acid 

5 CC. 

7*27 

6.94 

1.47 

550 

•215 

.132 

Senes 

lOCC. 

8.54 

4.00 


5.63 

.237 

.138 


15CC 

8.61 

2.24 

1.41 

6.22 

.357 

.143 


20CC. 

9.11 

2.31 

.96 

6.48 

477 

.154 

Totals 

25CC, 

9 52 

1.99 

y 72 

8.31 

■503 

.163 


43.05 

17.48 

6.07 

32.14 

1.789 

.730 

Pliosphoric acid 

5CC. 

8.33 

10,0 

2.69 

2.85 

.206 

.186 

Scries 

lOCC. 

8.66 

6.86 

2.48 

3.59 

.247 

.^54 


I5CC. 

8.72 

5.81 

2.42 

372 

.301 

117 


20 CC. 

10.94 

4.76 

2.03 

3.78 

299 

.082 

Totals 

25CC. 

12.18 

3 -f >3 

1.78 

A.26 

.302 

075 


48.83 

3^06 

11.40 

18.20 

i .355 

.614 

C'hccks. 


942 

6.89 

2.90 

4.02 

.207 

.078 


with iron, aluminum, etc., which arc harmless to the growing jjlant. 
The acetic and sulfuric acids both fonned easily soluble salts of these 
elements, whereas silicic and phosphoric acids produced much less 
available and less toxic compounds of these metals. 

Ash Composition of Plants Grown 

The plants grown on both series of soils were saved for analyses 
of the ash. This analysis was carried out according to the official 
methods for ash analysis. The data for the two series of ])lants are 
given in Tables 2 and 3. 

It will be noted from the data presented in Tables 2 and 3 that 
there are many marked differences in the ash content of plants grown 
in soils containing increasing amounts of acid. 

The calcium content of the buckwheat series is much higher than 
that of soybean. Also, it will be noted that both the calckun and 
magnesian decrease rapidly as the sulfuric or acetic acid increase, 
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whereas the opposite seems to be true with the silicic and phosphoric 
acid treated plants in all except the soybean plants in the phosphoric 
acid treatment. No definite reason is apparent for this striking ex¬ 
ception. It will be observed from Table 2 that both the sulfuric 
■ and acetic acid treated plants contained considerable aluminum and 
iron and these increased in amount as acidity increased, but only 
small percentages were found in the silicic and phosphoric acid treated 
pots. The same was true in the soybean pots except the differences 
were much less marked. This ability of the soybean plant to with¬ 
stand the invasion of aluminum com])Ounds may be a reason for its 
fair growth on soils which arc toxic to many other plants. 

Jt will be noted that there is more iron, as well as manganese, in 
the acetic and sulfuric acid series in the buckwheat plants than in 
those treated with the other two acids. Both of these facts furnish 
additional reasons for the poor growth of plants from soils treated 
with these acids. 

The same conditions regarding iron were found in the soybean 
plant as were observed in the buckwheat. 

Thus it is evident that the poor growth of these plants on the sulfuric 
and acetic acid treated soils, as compared with that on the soils 
treated with other acids used, must have been due in large part to the 
toxic elements present in the former which were there in much 
smaller amounts in the latter. 

Acidity of thk Treated Son. 

After the plants hadbeen harvested, samples of the soil were taken 
from all the pots and lime-requirement determinations were made 
on them by the potassium thiocyanate method. The data for certain 
of the soils treated in different ways are given in Table 4 below. 

The phosphoric and silicic acid treatments had precipitated to a 

Table 4.— Lime requirements of several soils as dttermined by the potassium 

thiocyanate method. 

Amount Cc. of Pounds of calcium carlK)natf 
acid N/io KOH needed per acre to 

added used neutralize acidity 


Sulfuric acid scries 5cc. 11.5 2300 

15CC. 12.5 2500 

25CC. 19.5 3900 

fcc. 14.5 2900 

Acetic acid series 15CC. 16.5 3300 

25CC. 19.5 3900 

... . » vW. 7.5 1500 

Silicic acid .serie.s. . 15CC. 3.0 600 

25CC. 0.0 o 

5<^c. 6.0 * 1200 

Phosphoric acid series . 15CC. 7.0 1400 

Checks . .... 25CC. i.o 200 

(Average) . 3.5 700 
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large extent the dissolved toxic elements and hence but little limestone 
was needed in soils treated with these acids. Thus in both these 
cases there is what may seem to be the strange anomaly of adding 
acids to correct the toxic conditions in acid soils. 

SUMMARY 

A comparison has ben made of the effect upon the growth of soy¬ 
bean and buckW'heat plants of adding an organic (acetic) and an 
inorganic (sulfuric) acid to a silt and a clay-loam scjil. It has been 
found that V)oth acids seriously interfere with plant growth, but that 
acetic w^as more deleterious than sulfuric acid. This is believed to 
be due to the effect of acetic acid in supplying more toxic aluminum 
and iron, etc., to the plant and in decreasing calcium and magnesium 
to a greater extent than was done by the sulfuric acid. 

In addition two tether series of acids (phosphoric and silicic) were 
used, because they make c(mpounds with aluminum and iron w^hich 
seem to be haimless to tlie griAving plant, regardless of the fact that 
the root is surrounded by a sc il which is highly acid. The good growTh 
of both kinds of j)lants obtained, even when rather large amoimts of 
these latter acids were added, indicates that relatively insoluble 
compounds of aluminum and iion, etc., were formed and that the acid 
by itself did no haim. 
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THE INHERITANCE OF SMUT RESISTANCE IN CROSSES 
OF CERTAIN VARIETIES OF OATS^ 

A, F. Barney- 
INTRODUCTION 

The enormous annual loss of farm crops resulting from the attack 
of various diseases is common knowledge. An investigation which 
may directly or indirectly lead to a knowledge of how^ to reduce 

^Paper No. 121 from the Dept, of Plant Breeding, Cornell University, Ithaca, 
N. Y, In c(x>peralion with the Office of Cereal Investigations, U. S. Dept, of 
Agr., Washington, D. C. Received for publication February 19, 1924. 

^Formerly graduate student at Cornell University, now agronomist at Utali 
Agricultural Experiment Station, Logan, Utah. The writer hereby acknowledges 
his appreciation of advice and criticism received from Pmf. H. H. I^ovc, and also 
for the material used in this investigation. 
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some form of such loss is tmdoubtedly justified. Since Biffen’s (2)® 
investigations, indicating the possibility of isolating resistant families 
from crosses of varieties differing in susceptibility, a marked impetus 
has been given to breeding as a means of disease control. Very 
definite results have been achieved during the past decade in relation 
to the genetics of resistance, the isolation of resistant families from 
crosses, and the isolation of resistant varieties thru testing. 

The present investigation has for its purpose a study of the in¬ 
heritance of resistance in a number of crosses of varieties of oats to 
the organism Ustilago avenac, which causes the disease known as 
“loose smut.” The attack of Ustilago avenac is confined to the genus 
Avena. Natural inoculation of the host occurs when the grain is 
mature and standing. Wind conveys the spores from the diseased 
to the healthy panicles. Infection occurs at the time of germination 
of the seed. The conditions that favor the germination of seed arc 
also in general conducive to the germination of the spores. Having 
gained admittance to the seedling, the parasite is carried along in 
the growing region of the host. A new crop of spores replaces the 
seed that should have been borne in the panicle Although the dis¬ 
ease can be r^ithcr effectively controlled by the use of fungicides, 
information relative to the genetical response of the host to cin cx- 
])OSure of this ])arasite is interesting and valuable. 

The present investigation has been underway for the past three 
years and is being continued. This report, although only ])relimin- 
ary, will contain a portion of the data obtained and will indicate the 
trend which the investigation is taking at present. Results of a few 
I'ecent investigations somewhat related to the work herein discussed 
will be presented. 

Aamodt (i) found that, when a single biologic form of rust was 
concerned, segregation for resistance in the i)rogeny of a cross between 
Kanred and Marquis wheats apj^roximated a ratio oi three resistant 
to one susceptible plant. 

Garber (4) reports crosses of two jjure lines of oats, Minota and 
Victory, which are susceptible, with White Russian, which is 
relatively resistant to stem rust. A study of the F2 and F3 generations 
of these crosses indicated that resistance was dominant, and that a 
single factor pair was responsible for the segregation observed. 

Gaines (3), in Referring to bunt resistance in the wheat crosses 
Turkey x Hybrid 128 and F'ortyfold x Turkey, states: 

“The picture of the inheritance of these two crosses is one in which sus- 


*Rcference by number is to “Literature Cited/’ p. 291. 
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ceptibility is dominant, with the susceptible scgrc^^ates fluctuating^ around 
the mean of the susceptible parent in each case/’ 

Again, (p. 466) he states: 

“It is difficult lo place these phenomena of inheritance on a factorial basis 
on account of the seasonal fluctuations and the quantitative and com]Kirative 
nature of the material. It is quite evident, nevertheless, that Turlscy has 
several times as much resistance to bunt as Fortyfold.’* 

Waldron (7) reports his findings in relation to the susceptibility of 
hybrid wheats to stem rust. In all tests he found the Fi hybrids 
heavily attacked by stem rust. The behavior of subsequent genera¬ 
tions in relation to the rust he attributed to multiple factors, sug¬ 
gesting that two factors substantiate the data he presented more nearh' 
than any other number. 

Wakabayashi (6) reports an investigation of the inheritance oi 
smut resistance in oats. He used covered smut levis) 

Crossing a resistant with a susceptible variet\% he obtained no smut 
in the Fi and F2 generations. In the F3 twelve rows contained 
smutted plants while ninety-five rows contained no smutted i^lants 
He thought that perhaps immunity was due to three independent 
dominant factors. 

AIkTHODS of IWtSTKiATlON 

The parent and first generation plants of the crosses herein dis¬ 
cussed were grown in the greenhouse. The second generation of one 
group of crosses, and the third, fourth and fifth generations of (.ithcr 
crosses were grown in the field. A uniform method of planting and 
inoculating seed was followed. 

For the purfiose of inoculating the seed an envelope containing a 
few otmees of sjiores was provided, into which the respective samples 
of seed were i)laced and thoroughly shaken. The excess spores were 
strained out through a tea strainer. 

Preliminary experiments relative to the effect of soaking the seed 
previous to inoculation indicated that soaking was without noticeabk‘ 
effect. Check rows of non-inoculated seed were grown in a niunber 
of cases, and in no case did any of them contain smutted plants. 

EXPERIMENTAL DATA 

Twelve varieties of oats including Aurora, Burt, Black Mesdag, 
Black Tartarian, Comellian, Fulghum, Gold Rain, Lincoln, vSwedish 
Select, TurkiwSh Rustproof, White Tartarian and a strain of Avena 
sterilis were used as parental material. From these varieties thirty- 
one crosses were made, which are being studied in relation to resist¬ 
ance. Data on the first and second generations of these crosses have 
been obtained. Seventy families from the secemd generation of two 
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other crosses were obtained from the Department of Plant Breeding 
and have been studied for resistance through the third, fourth and 
fifth generations. 

As the third generation of the thirty-one crosses first mentioned is 
to be growm during the coming season, this report will be limited to 
three characteristic crosses, and the seventy families mentioned last. 

An analysis of the data from the second generation of the crosses, 
considered in relation to the varietal resistance manifested by the 
])arcnts, indicates that the crosses naturally fall in definite groups. 
Segregation in the various groups has been interpreted on the basis of 
one, two, and three independent factor pairs. 

A t>^])ical cross from each of these groups and a statement relative 
to the varietal resistance exhibited by the parents concerned in each 
cross will now^ be presented. 

Cross No. 5 (Table i) is ])resented as characteristic of the se\TM! 
crosses included in group i. Fegregation in this group is interjtreted 
on the basis of three independent factor pairs. 

The second group of crosses is interjireted on the basis of a dilTer- 
c*ncc of two independent factor ])airs in the parents. Five crosses 
are included in this group, and cross No. 21 is presented as t,yj)ical of 
this group. 

The third group <‘ontains four crosses which segregate as though 
the i)arents differed by only one factor ])air Ooss No. 37 is 
])resented as characteristic of this group. The remaining crosses, 
which fall into two groups, wall be reserved for later ])resentation 

Before entering upon the discussion of Table t, it vshould be stated 
that iwental variety tests u’ere conducted for two years with the' 
varieties concerned. According to these tests, which cenneide rather 
closely with data for some of these varieties presented by Reed (5), 
they \vould be classified for resistance to smut as follow^s: Black 
Mesdag, Burt and Fulghum are resistant; Gold Rain intermediate; 
vSwedish Select and Turkish Rustproof arc quite highly susceptible. 
Jt should be emphasised that, on account of the methods of inoculat¬ 
ing, not all susceptible plants in a variety or progeny wall be found 
smutted. Likewise, resistance does not necessarily indicate immunity. 

As a suggestion, and without at present attempting to elaborate 
such suggestion, the following are offered as possible combinations to 
account for the three types of segregation noted 


Pedigree 5 

SS s's' s's' 

X 

SS 

s's' S'S" 

21 

f f 

SS s s 

X 

SS 

S'S' 

37 

SS 

X 

SS 



In each case the factor S is responsible for resistance. 
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The three crosses presented, judging from both the family segr^a- 
tions and the total segregations, as indicated in the last column, 
approach very closely to what would be expected according to the 
basis on which they are interpreted. The deviation observed in the 
total of progeny 37 is due to the fact that for each separate family 
there are too few smutted plants and this results in a gradual ac¬ 
cumulation so that the total smutted plants observed are much less 
than the expected number. 

It is recognized that too much dependence should not be placed 
on the above segregations, until a third generation of these crosses is 
grown. The data obtained approach so closely what is expected, 
when judged from the standpoint of parental grouping for smut 
resistance, that it was thought worth while to present the result^ 
before waiting for the third generation. 

If the interpretation of the F2 segregation, as here presented, is 
soimd, an approximation of the following results may be expected 
in the third generation from the various groups. Where segregation 
occurs on the basis of three factor pairs, the vsixty-three resistant F2 
genotypes may be expected to behave as follows. Thirty-seven will 
breed true for resistance, twelve progenies will segregate into a 15:1 
ratio, six progenies will segregate into a 3 *i ratio. The eight remain- 
ing progenies will repeat the behavior of the F2 by segregating into a 
63:1 ratio again. Where segregation occurs on the basis of two 
factor pairs, about seven out of the fifteen resistant F2 genotypes will 
breed true for resistance, four will segregate into a 15 1 ratio, and 
four will segregate into a 3*1 ratio. Where segregation occurs on 
the basis of one factor pair, one of the three resistant Fo genotypes 
will breed true, and two of them will segregate into a ratio of 3 
resistant to i susceptible plant. 

A brief statement may now be given of the behavior of the seventy Fo 
families obtained from the Department of Plant Breeding which wen' 
tested thru the Fa, F4, and Fb generations for resistance. These fam¬ 
ilies are from the crosses Early Ripe x Black Mesdag, and Sixty Day 
X Black Mesdag. 

Black Mesdag is shown to be a highly resistant variety by Reed 
(s), and data obtained by the writer indicate the same resistance 
Early Ripe and Sixty Day have not been included in variety tests 
by the writer. Reed reports the results of a strain of Early Ripe, 
which he says resembles Burt. From his data, this strain may be 
classified as intermediate. His data indicate that Sixty Day is 
susceptible. Hence, the indications are that susceptible varieties 
were crossed with a resistant variety, producing the seventy families 




I li; 1 U<»\N i hi^ liU f ^ f uniK \%luLh litis h(ci» but'hiiij tnu to that 

i li n i< ti 1 islit iiK ( isolitt*! ti un ilu I ilmut st\(iit\ fi\t ]){.rctiU of iht 
j)] tilts in till I iinil\ \\(i( int((it(l 



2 shows «i usislant I\ Itimih that was giown bt side tlu famih showm in 
hguro I It breeds Irut to nsisiaiiec 














3 shows a hij^lily sus<'cj) 1 ihlf as it jjrcw in thr 'Phis illiistranoii is 

to 1)0 t’OTiijiarod with No. 4 . 



Fig. 4 shows a highly resistant family from the same cross and similarly treated 
to the preceding famiK They grew adjoining each other and were planted 
and treated similarly. Their differences may, therefore, be considered to be 
genetical. 
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under discussion. In order to pursue the investigation in regard to 
these families, arbitrary standards of classification were established, 
as there seemed to be no definite ratios obtainable in the third 
generation. Accordingly all rows that contained no smutted plants 
were classified as resistant, all rows containing smut up to about 
twenty percent were classed as intermediate, and all rows containing 
more than twenty jiercent of smut were considered susceptible. 

Not all of the data from these families will be presented, but families 
representing each of the three classes are included in Table 2. 

Table 2. —ClasstficaHoyi of some families from the third gtneration of ihe cross 
Sixty Day x Black Mesdag according to the amount of smut prtsenl and their behavior 


Pedigree No. , 

in the fourth generation. 
Amount of smut Susccptit3le 

Resistant plants 

505ai--i49 

in Fj 

Xone 

plants in F4 

0 

in F4 

108 

-1 

a 

0 

61 

-179 

a 

0 

117 


** 

0 

112 

-184 


I 

107 

-140 

Medium 

6 

90 



4 

77 

*160 


0 

103 

-204 

“ 

3 

80 

“I43 

Extreme 

34 

42 

150 


22 


■ 162 

• * 

29 

77 

-182 


40 

49 

-149 


20 

78 


The families included in Table 2 have been selected as characteristic 


of the classes from which they have been assembled. A study of the 
distribution of the entire seventy fimilies rather strongly indicates 
that there was a dificrence of one factor pair in the parents (‘oncemed. 
If the parents did difler by but a single jiair of factors, about one- 
fourth of the families would be expected to be found in each of the 
extreme classes, and about one-half to be found in the intermediate 
class. A total of twenty-two families were found in the resistant 
class, thirty-tw^o families in the intermediate class and sixteen in the 
susceptible class. While there are seme deviations from the 1:2:1 
ratio the deviations are not extremely wide for seventy observations. 
The twenty-tw’o families in the re^sistant class subsequently tended 
to breed true to that characteristic. Likewise, the susceptible fam¬ 
ilies bred true, and the intermediate families segregated into resistant, 
intermediate and susceptible types. 

If the classification was made somewhat accurately in the third 
generation, it should be possible to select from the fourth generation 
families which w^ould breed true for resistance, families w-hich would 
segregate, and families wdiich w^ould breed true for susceptibility in 
the fifth generation. With such expectations in mind a number of 
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families were selected from the fourth generation as follows: Twelve 
families that were classified as being susceptible in the third and 
fourth generations; one family classified as segregating and seven 
families resistant in the third and fourth generations. These twenty 
families were grown in the fifth generation. The results obtained 
are ])resented in Table 3. 

Taulk 3. —Results of selecting for resistance and susceptibility to loose smut thru 
the F4, and generations. 


Pcdigri'c 

PercenUiy^c 
of smut 
in F, 

Percentage 
of smut 
in F4 

Number (^)f plants in Fj 
Smut ted Non-smiitted 

Percentage 
of .smut 
ni F5 

505aI-143-2 

31-25 

59.«9 

144 

70 

67.29 



68.42 

152 

102 

.59.84 

-4 


33.33 

68 

132 

34.00 

21 

35 29 

47-05 

75 

61 

.55.14 

-2 


l 5 - 7 « 

54 

130 

29.34 

'3 


0.00 

117 

85 

.5792 

'4 

** 

4.76 

78 

94 

45 34 

l(i 2~2 

..jO 00 

4736 

116 

101 

.53 41 

“3 

19.04 

158 

90 

63.71 

-4 


5.26 

93 

130 

41.21 

I« 2 - I 

55 .55 

, 33-.33 

185 

71 

72.26 

-3 


31.81 

1.35 

(>7 

66 83 

535111-228-5 

17,64 

.(K> 

3 

144 

2.04 

2iH-'3 

None 

Nirtie 

None 

144 

— 

228-4 

“ 



III 

— 

^>-5 


“ 

“ 

71 

— 

5<)5ai- 179-1 



* ‘ 

i ^>5 

" — 

-2 


“ 

“ 

157 

— 

183 2 




85 

— _ 

-3 


“ 


85 

— 


It is quite obvious from the data shown in Table 3 that families 
have been isolated ^frorn the second generation which have since 
been breeding true to vsusce])tibilit\% intermediacy, and resistanct‘, 
respectively As may be seen, the tendency among the susccjitible 
families was to maintain or even increase in susceptibility. In fact, 
eleven out of the twelve families selected were more heavily infected 
in than in F3. Quite a number of the families were more heavily 
infected in F4 than in F3. Four of the families progressively increased 
in susceptibility thruout the P'4 and Fs. 

The family (535ai-228"5) selected for intermediacy in the F3. 
may be said to be continuing true to that tyi)e. No smut was ob¬ 
served in this family in the F4 but a small amount, 2.04 i)ercent, 
appeared in Fr,. This slight amount of smut is sharply contrasted 
with the high percentage in the susceptible families and the lack of 
smut in F5 of the resistant families. 

In discussing the seven resistant families at the bottom of the 
table it may be mentioned that they tvere inoculated precisely as 
were the susceptible families and with spores of equal viability and 
that the families grew side by side in a rather compact space. Hence, 
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the marked diflerenees ])(‘lween the resistant and susceptil)le families 
can with fairness })c attritnited to iiiheritanc'c 

It is (‘vident tlien tlial families have been is(;lated, from the 
second j^encration of crosses of jjarents differin^^ in susceptibility, 
which are hi^^hly resistant to the attack of smut, and that these 
families transmit this charaidenstic to their ])ro^a*ny. 

Sl\VIMARY 

''JI1C data ] 3 r(‘sented indk-ate that some varieties of oats contain 
one factor ]jair for resistance io loose smut, that other varieties (‘on- 
tain two ind(‘])endent factor pairs, while in other \'aricties three factor 
])airs may be concerned with resistance*. 

Selection within sevTnty families from two crosses indicated that 
resistant families can be isolated in the second j^^eneration which 
brec‘d true to that characteristic thru the hh, F4 and F.,^venerations. 
Likewise, susccjitible families can be isolated which breed true. 

Such results show the possibility of (»btainin^ desirable ty])es of smut 
resistant oats from crosses between resistant and susee])tible varieties. 

Theaccom])anyin^v illustrations (Figures 1, 2, 3 and 4) are jirescnted 
to indicate the response to smut e.xposure exhibited by two resistant 
and two susce])tible families. 

LITERATURE CITED 

1 A\M()1)T, ( )i.ak S The inhenlatiec of growth habit and resistance to stem 

rust in a tToss betwt^en two varieties of common wheal In Jour. Agr. 

Res. 24:457 469 1923. 

2 Kiffkn, R. fl. Slu(li(‘s in llie inheritance of disease resistance In Jour, 

Agr Sci. 2:109 128 1*907 

3. Gaines, E F. Genetics of bunt resistance in wheat. In Jour Agr Res. 

23:445--4^<>* *<>23 

4. GvkHEK, R. J. Inheritance and yield with jiarticular reference to rust re¬ 

sistance and panude type in oats. Minn. Agr. Exp. Sta. 

Tech. Bui. 7. 1922. 

5. Refp, G. M. Varietal resistance and susceptiiuhty of oats to ])owdery mil¬ 

dew, crown rust, and smuts. Mo, Agr. Exp. Sta Res. Bui. 37. 1920. 

6. Wakaba\ashi, S. a study of hybrid oats, A vena stcrilis X Arena on'entalis. 

In Jour. Amer. Sot Agron 13:259-266. 1921. 

7. Waldron, L. R InluTitance of nisi resistance in a family derived from a 

cross between durum and common wheat. N. D. Agr. Exp. Sta. Bui. 147. 
1921. 



THE USE OF CONCENTRATED FERTILIZER AND OF 
SPECIAL CHEMICALS FOR SOIL TREATMENT^ 

Milton Whitney^ 

For many years the scientists of the world have recognized the need 
of larger sujiplics of nitrogen compounds suitable for use in connection 
with available supplies of i)hosphoric acid and potash to maintain 
and increase the yields of wheat and other crops for the increasing 
population. Nitrate of soda from the Chilean fields and ver}^ small 
deposits of potassium nitrate are the only direct natural supplies of 
nitrogen in a form available for fertilizers at the present time. The 
other available forms are by-])roducts—ammonium sulfate from 
the coke and gas furnaces, cottonseed meal from the cotton plant grown 
for fiber, animal tankage and dried blood from animals slaughtered 
for food, fish scrap from non-cdiblc fish and parts of fish, with smaller 
amounts of garbage tankage and materials from a few other sources. 

The production of ammonium sulfate has about reached the high 
point with the present utilization of coal. J-'uggestions ha\'e been 
made for substituting coke for coal for industrial and domestic use and 
there is a possibility, if this should be acc('niijlished, that the su])i)ly 
of ammonium sulfate uill be materially increased. All of the by¬ 
products carrying organic nitrogen are being used more and more for 
feeding purposes and the supply available for fertilizers is being rapid¬ 
ly depleted. In any event, the supply of such material for lertihzer 
purposes cannot be increased beyond the ca])aci1y of the country 
to absorb the main iiroducts fn^m whioh these by-jiroduc^ls are 
derived. 

Cn the other hand, the recognition of the imjiortance of fertilizers 
in maintaining the proditctive capacity of our soils and in increasing 
the yield per acre of crojis, as well as the demand for fertilizers, is 
ra]3idly increasing. With the wider distribution in the use of fertilizer 
materials, the cost of transportation is increasing and the burden on 
the railroads for car space is becoming an im])ortant consideration. 
Therefore, the bulk of the enormous fertilizer tonnage enters as an 
important item of cost. 

For example, a low grade fertilizer form.ula, such as 2-8-2, made up 
at prcvsent by use of low grade material, could be duplicated by use 
of only 17 per cent of ccncentrated fertilizer salts with 83 per cent of 
useless material; that is to say, instead of a farmer paying the freight 

^Contribution from Iho Bureau of Soils, United States Dei)artmcnt of Agri¬ 
culture, Washington, D. C. Received for publication Fel^ruary 23, 1924. 

*Chief of the Bureau. 
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and handling charges on 2,000 pounds of material, he could obtain 
the same mineral constituents in 340 pounds of mixed mineral salts. 
He would then have the option of applying this concentrated material 
with extra care or, if he wanted to dilute it to the concentration he 
was accustomed to use, he could mix it with 1660 ])ounds of sand, 
loam, jieat, or any such material, or with water (if he practiced in¬ 
tensive methcjds of cultivation); or he could have the fertilizer 
manufacturer mix these 1660 jxmnds and pay the freight on it. 
which would be a very uneconomical choice for him to make. 

With the commercial production of nitrogen fixed in available forms 
from the atmos])here practically accomplished, together with the pyro¬ 
lytic' ])rodu('tion of ])hosphoric acid, the possibility has been advanced 
of making ccmcentrated fertilizers of commercially pure salts; to 
])ut the fertilizer industry on a chemical basis where the production 
of fcTtilizer material can be controlled and expanded at will without 
dependence upon organic waste and by-products as at jiresent. 

With these possibilities of jiroducing concentrated materials, such 
as ammonium nitrate, ammonium phosphate, jiotassium nitrate and 
])otassium phos])hate, and their obvious advantages k)omingu]), the 
cpiestion has arisen from many sourc'cs as to whether it would not 
be a mistake to give up materials in present use' and w^hethcT the 
})ure salts whic'h it is proposed to use would have as imjxirtant effects 
as the imfmre materials now being used. 

Attc^ition is called to the belief in the southern states that kainit 
gives better results than the high grade muriate of potash Fear is 
ex])ressed that if an ammonium or potassium phos])hate salt be UvSed 
the elimination of gyjisum in the present form of acid phosphate 
might diminish returns, as sulfur has been found to be very bene¬ 
ficial to soils in certain localities, notably as indicated by the ex¬ 
periments which have been carried on in Oregon. Under the present 
practice, the farmer who purchases acid jihosphate gets t 6 percent 
of phosphoric acid and about g percent of sulfur, as a ton of acid 
phosphate contains ajiproximatcly 1,000 pounds of gypsum. 
Zusuki, at the University of Tokyo, has found that gypsum is beneficial 
on vsoils with an alkaline reaction or whei; u.sed with salts like sodium 
nitrate which tend to leave the soil alkaline, but that it is a deterrent 
when used on acid soils or in connection with acid ])hosphate. Com¬ 
mon salt, an impurity in many of our fertilizer materials, would be 
eliminated from the concentrated fertilizers, although common salt 
has been used with beneficial results, notably in some of the southern 
states. Likewise, the elimination of other impurities found in 
some of our present materials is thought to be unwise by those who 
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are disposed to criticise the concentrated fertilizer movement. 

A little tnature convsideration of the facts that have led up to ])rescnt 
fertilizer practice will convince one that such criticisms are wholly 
unjustified. 

Animal waste products, includini>: manure, bones and scraps of 
meat, and ashes, soot, fivSh, leguminous croi)s, lime and marl, have 
been advocated for use on soils from the earliest historic times. Up 
to the close of the eijj^hteenth centurA", the com])osition of the soil and 
of the plant was wholly unknown, because only a stall had been made 
in determining the chemical elements and methods of analysis. 
PotavSh, for example, was not disc(wered until 1808. As these diflcr- 
ent chemical elements wert'discovered and methods of analysis worked 
out, attention was directed to the composition d air and water, of 
carbon dioxide and the function it ])erformed in su])pl\dn^ ('arbon 
to the ^njwing plant. Then the composition of the ash of plants was 
studied and the question as to whether the mineral elements found in 
the ash of plants were essential or not ,^ave rise to a bitter eontrovers\\ 

As late as 1838, which is only 85 \ ears a^^o and within the lifetime of 
men no\v living, the (lottingen .\eademy ofbTcd a prize for the satis¬ 
factory solution of the then vexed question as to whether the mineral 
ingredients < »f the plant ash w ere essential to vegetati( )n The mat t er 
was finally settled in .substantially the following way It was h und 
that ])lants could be made to grow successfully in well-watcT fre¬ 
quently renewed. The cc miiesition of well-waters was then del ct- 
mined and culture solutions were ])repar(‘d with jnire (‘hemicals, 
such as sodium nitrate, ammonium sulfate, chloride or nitrate; 
calcium nitrate; magnesium sulfate or chloride; sodium, ammonium 
or potassium jihosphate; jiota.ssium chloride, nitrate, sulfatt' or 
carbonate; and a trace of iron. In culture solutions of these salts in 
distilled water and in appropriate dilutions plants were grouai equal 
to those obtained in field or gardei. soils. Then began a series of 
elimination tests with water cultures and vith sand cultures and it 
was found that of the mineral elements ])otassium, calcium and 
magnesium, phosphorus in the form of phos])hates, nitrogen in the 
form of nitrate, and sulfur in the form of sulfates were absolutely 
necessary for the life of agricultural jilants. It was found in such 
careful experiments as could be made at that time that sodium, silicon 
and chlorine were unessential and that iron was needed in very small 
quantities, investigators even considered the case of elements 
found in very minute traces in the plant such as copper, boron and 
iodine, with negative results. After transferring the work to field 
plots, it Avas found that nitrogen in certain forms, phosphoric acid 
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and potavsh were the essential elements necessary to be su].)pltec{ as 
fertilizers, with occasional applications of lime and maj^mesia. 

The important thin^^ to be observed here is that the basis of ])res(‘nt 
fertilizer pradice was obtained through the use of jnire salts, which 
since then, because of nec(‘ssily, have been su]>pli('d in more or less 
impure* form. 

Nitrogen, jdiosphorus and ])otassiiun are the three elements that 
are most universally needed as mineral ])lant foods, taking the soil 
by and lart!:c and without specihe knowledge to the contrar\. 

The definition of the term “fdant food” is a subject of contnA’crsy 
at the present time Nitrogen and sulfur enter in as constituent 
])arts of certain proteins that f<M‘m a jjart of tlie living plant Phos- 
])horus enters into a limited number of living constiUuMits of the 
])lant; but it seems to have other im]:)ortant catahtic actions. 
Potassium and (‘alcium do not ap])car to form a c'onstitucni ])art of 
the living organic' matter of a jdant; but are t cry essential in llicir 
catal\'tic action in the conversion of starch into c'cllnlose, which does 
not oc'cur in the absence of (‘ak'inm, and of the ('onvc'rsion of slarc'h 
into sxigar or of the* reverse* action, winch do not take ])laee in tlie 
absence of ]>otas.suim. Whether such catalytic agents, the ptir])(^sc 
of wlnc'h is to hc‘l}> in the transfoimalion of material, but wliich do 
not form a constituent part (if the material, can be jiroptTly de'‘'igna1ed 
as “plant food” is difiicull to determine*, but in the jirescnt pa])cr they 
wall be givc*n the ('( nanon usage in referring to them as mineral plant 
foods Jt must be remt'mbered that the mineral c‘leim‘n1s lui\ e as 
im])ortant a ])art to play in the liie and activities of the soil organisms 
as they have in the life ])roeesses c)f the higher order of plants, but 
for the purpose of the tnesent jiaper this action of fertilizers o\\ the 
organisms of the soil itsedf is jiassed over. 

In otlier papers attention has ben ('ailed to the rather close analogy 
l>etw'cen the soil t>i)e, ('onsidered as a dynamic entity, and the 
human body and this analogy r^ay be used at the jiresent time to 
thixnv an imjxirtant light ipion fertilizer practice 

Man lias a coinjiarativcly short list of essential fo(»d materials. 
Until recently the food value has been calculated from tlie cinUcnt 
of jiroteins, carbohydrates and fats, wdth c^^nsidcration given to the 
amount of mineral salts remaining in the ash. Recently, endeavors 
have been made to se]>arate the different kinds of proteins, carbo¬ 
hydrates, and fats, recognizing that they have different feeding values; 
and at present great emphasis is being laid on the vitamines, the 
com])osition or constitution of which is not yet understood. The 
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bulk of the three major food constituents of man consisting of pro¬ 
teins, carbohydrates and fats are contained in 

Meat of domestic cattle, sheep, hogs and poultry, and such products 
as milk, butter, cheese and eggs, 

Cereals, such as wheat and rice, 

Vegetables, such as f)otaloes and cabbage, 

Fruits, vsuch as apples, pears, jieaches and oranges/^ 

Man needs, therefore, chief y three food constituents contained in 
a relatively short list of h'cd materials. In the U. S. Pharmacopoeia, 
the National Formulary ard the U. S. Dispensatory, there are up- 
Avards of 4,000 chemicals, dtu^s and mixtures described for use in 
external and internal aj^plcaticrs to keep man in a normal state of 
health and cflicienc}'. Iheie are many other drugs in more or less 
ccirmc n use not listed in these three volumes; there are treatments 
wdth antitoxins and vaccines that are not included, so that in all 
there must Vje many thousands of drugs and preparations that are 
being used to maintain human efficiency. 

''J'he principal purpofcs for which drugs are administered ma}' 
be ccaiveniently classified into four groups as follows: (1 j 1'o supply 
a deficiency in the diet of (ne or more essential food constituents 
such as iodine when taken as potassium iodine or vitamin A in the 
form of cod liver oil. (2) To act as a stimulant or depressant (3) To 
prevent infection through antiseptic action, and (4) To correct an 
unhealthy or morbid tendency by use of alteratives. 

The addition of any of these groups of drugs to marketed food 
products as a general procedure on the assumption that they might 
be beneficial to some people under some conditions has never been 
advised. Cn the contrary, very stringent law^s have been passed to 
prevent adulteration and to keep food jiroducts as clean, sound and 
healthful as possible. Other law’s or parts of laws provide for purity 


U. S. Bureau of Labor Statistics lists the following; as the standard articles 


of our nati(jnal diet in estimating the cost of living. 


Sirloin steak 
Round steak 
Rib roast 
Chuck roast 
Plate beef 
Pork chops 
Bacon 
Ham 
Lamb 
Hens 

Salmon (canned) 
Milk, fresh 
Milk (evaporated) 
Butter * 
Oleomargarine 


Nut margarine 

Cheese 

Lard 

Vegetable lard substitute 

Eggs 

Bread 

Flour 

Corn meal 

Rolled oats 

Com flakes 

Wheat cereal 

Macaroni 

Rice 

Beans, navy 


1 Potatoes 

(Jnions 

Cabbage 

Beans, baked 

Corn, canned 

Peas, canned 

Tomatoes, canned 

Sugar, granulated 

Tea 

Coffee 

Prunes 

Raisins 

Bananas 

Oranges 
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and certain strengths of drugs and while many jjeople take stimulants 
and various condiments with their food, drugs on the whole are sup- 
])Osed to be administered cjiily under competent direction and super¬ 
vision. 

The higher order of plants normally obtain their mineral require¬ 
ments from that highly complex material wdhch is called the soil. 
It has been found, however, frr:m innumerable experiments that 
have been made all over the woild, that where they are given artificial 
su])])lies of nitrogen, phos])horic acid, and potash in suitable combina¬ 
tions, their develop^ment and growth is generally stimulated and the 
yield, ])aiticularly of annual crops, is correspondingly increased. 
These three elements have, therefore, C('me to be considered the 
im]u)itant elements of mineral plant foods w’hich are supplied to the 
soil in c('mmercial fertilizers. The cc^mmon forms and almost the only 
forms in which these elements can be safely applied to the soil in 
mineral form are* nitrogen, in the form of sodium nitrate, ammonium 
sulfate, chloride, carbonate, nitrate and j)hf)Si)hate, and calcium 
nitrate; ])hos])horus c( mbined with calcium, sodium, ammonium 
and p(itassium, and p'otassium as ])hosphate, chloride, nitrate, car¬ 
bonate and sulfate 

In addition U) this short list of chemicals, carr}*ing W’hat is recog¬ 
nized as the three esse*ntial tilant food elements in an available and 
usable form, there is presented below^ a table of 296 substances, 134 
iiu*»rganic and 162 organic, w hich have been tested on soils or in water 
culture solutions and wdiich may be considered as liearingthe same 
relation to the recognised fertilizing elements as the subvStances 
mentioned above as listed in the U. S. Pharmacopoeia bear to our 
standard food materials. They may be used (1) to supph*^ a deficiency 
in the soil of some essential plant food constituent such as magnesium, 
sulfur or manganese; (2) to act as plant stimulants or depressants; 
(3) to serve as antiseptics in destroying harmful soil organisms; 
and (4) to correct an unhealthy tendency in the soil, such as the 
develo])ment of an acid condition which may be corrected by use 
of lime. 


Acetamide 
Acetic acid 
Alanine 
Allaincin 
Alloxan 
Allyl alcohol 
Alumininn 
Alnminnm chloride 
Alnmiiitini sulfate 
Ammonium alum 
Ammonium sulfite 


Ammonium thiocyanate 

Amygdaline 

Amyl alcohol 

Aniline (sulfate) 

Antimony 

Antipyrine 

Arbutin 

Arginine (carbonate) 
Arsenic 
Arsenic acid 
Arsenic oxide 


ArsenioUvS acid 
Arsenious oxide 
Asparagine 
Aspartic acid 
Aspartic acid (Na salt) 
Atropine (sulfate) 
Balsam 

Barbituric acid 
Barium carbonate 
Barium chloride 
Barium nitrate 
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Barium sulfate 
Benzine 
Benzidine 
Benzol 

Benzylamine i^hydrochlor- 
idc) 

Beryllium nitrate 
‘Betaine 

Betaine (liydrochloride') 
Bismuth 

Bismuth phosphate 

Biuret 

Borax 

Boric acid 

Bomeol 

Boron 

Butyl alcohol 
Butyl alcohol (iso) 

But y 1 al c( )h< )1 (1 ert iarv ) 
Butryic amides 
Cadmmm 
Casesium chloride 
Caffeine 

Caffeine (h\ drochloride) 
Calcium acetate 
Cal cnim arsenat e 
Calcium carbonate 
Calcium chloride 
Calcium fluoride 
Calcium fluorosilicate 
Caknum fonnatc 
Calcium hydroxide' 
Calcium sulfate 
(''alcium sultite 
Camphor 

Carbamu' acid (methyl 
salt) 

Carbon 

Carbon dioxide 
Carbon disulphide 
Carbon tctrachlorid(‘ 
Cerium sulfate 
Chinin 
Chloroform 
Choline 

Choral hydrate 
Chromic acid 
Chromic alum 
Chromium 
Chromium rixide 
Cinnamic acid 
Cinnamic acid (Na salt) 
Cobalt 

Cobalt chloride 
Cobalt sulfate 
Cocaine (hydrochloride) 
Colophony 
Copper 

Copper-aceto-arscnitc 
Copper arsenate 
Copper carbonate, basic 
Copper nitrate 
Copper sulfate 


Creatine 
Creatinine 
Cumarin 
Cuprous sulfide 
C'yanuric acid 
Daphnetin 
1 J i cy and iam ide 
Didymium nitrate 
Dihvdroxystearic acid 

I )iphenvlaminc (hydro¬ 

chloride) 

Esculin 

Ether 

Ethvl alcolad 
Ferri(' chloride 
Feme nitrate 
Ferric phos])hate 
Ferrous sulfate 
Ferrous sulfide 
Fonnamuk' 

Fumarie acid (Nasalt) 

Clue<’)nic acid 

Gluconic acid (Ca salt) 

Glutamine 

Glutaminic a^'id 

Glv('erol 

Glycocoll 

Glycncollamtde diy<lro- 
chloride) 

Gold 

G<dd chloride 
Guaniduit' (carlx)nate) 
Guandine (h\ drochloride) 
Guanine 

II exarni'f hylenetet ramin(' 
Jlipjmric acid 
Ilippurie acid (Xa salt) 
pHistidine (carbonate) 
Hydrocyanic acid 
Hydrogen peroxide 
Hy'hociuinone 
Hypoxanthine 

Indium 

Iodine 

Iron 

Isobutyl alcohol 
Lactic acid 
Lead 

Lead arsenate 
Lead carbonate 
Lead nitrate 
Lead sulfate 
Lecithin 
Legumin 
Leucine 

Lithium carbonate 
Lithium chloride 
Lithium nitrate 
Magnesium 
Magnesium carbonate 
Magnesium chloride 
Magnesium nitrate 
Magnesium oxide 


Magnesium sulfate 
Malic acid 

Maleic acid (Na salt) 
Manganese 
Manganese carbonate 
Manganous sulphate 
McTcuric chloride 
Mercurous chloride 
Mercury 
Methyl alcohol 
Morphine (hydroeliloride) 
Mucin 

Myronic acid (K. salt) 
Naplithaicnc 
Naphthylamiiie 
N aphthy lamine (hydn >- 
chloride) 

Neuritu' 

Xeiirine (neutralized) 
Niekel 

Nu'kel chloride 
Xiekel nitrate 
Nickel sulfate 
Nicotine 
Nitric acid 
Nu'‘leic ocid 
Nuclein 

( hi of bitter nlmond 
Oil of eamphor 
()il of euealyjitus 
()il r>f lavender 
Oil of lemon 
()il of mustard 
Oil of origanum 
Oil of ])e])p(Tnuut 
(hi of ])ine 
Oil of rosemary 
()xahc acid 
()\amifle 
Ikilladium 
Palladium nitrate 
Ikiraffin 
]\‘ptone 
Pt'trolcum 
Petroleum ether 
Phenol 

Idienylalamne 

Phloroglucin 

Phospho tungstic acid 

Phosphi)rus t)etilachloride 

Phytin 

Picolinc 

Picoline carboxylic acid 
Piperidine 
Piperidine (hydro¬ 
chloride 

Piperidine (neutralized) 
Piperonal (heliotrophine) 
Platininic chloride 
Platinum 

Potassium bichromate 
Potassium bromide 
Potassium chromate 



WHITNEY: CONCENTRATED FERTILlZHRvS 


299 


Potassium cy an i( 1 e 
Potassium fcrricyanirlc 
Potassium ferrocyankle 
Potassium iodide 
Potassiinn oxalate 
Potassium ])ersulfate 
Potassium silicate 
Propionic amides 
P^rojiionitnle 
IVopyl alcohol 
J-^ropyl alcohol (iso) 
Pyridine 

Pyridine (h^’drochloridc) 
Pyrocatechin 
Pyn i^allol 
Quinic acitl 

Quinine (hydrochloride) 

Quuvihnc 

QninoiK' 

Radium cliloride 

Resin 

Rcs< )rcin 

Rh< )(huin 

Ricin 

Ruhifluim chloride* 
Rutlicnmm 
Sahcylu' avid 


Sarcine 

Selenium 

Silicon letrachlorifle 
Silver 

Silver nitrate 
vSilver oxide 
Skatol 

Sodium ac(‘tatc 
Sodium ansenate 
Sodium arsemte 
Sodium bicarbonate 
Sodium carbonate 
Sofhum chloratt 
Sodium chloride 
Sr»dium fluoride 
Sodium formate 
vSodium nitro-prussulc 
vSodium silicate 
Sodium sulfite 
Solaiiine 

Strontium carbonate 
Strontium nitrate 
SiTA chmne 
SucH'inic acid 
Sulfur 

Sulfuric acid 
1 'annic iicid 


Telluric acid 
Ti'llurium 
Tetranit romcthanc 
Thallium 
Theobn anine 
Thorium nitrate 
^'hymol 
Tin 

Tin tetraliromidc 
Tun^^^sten 
Turpentine 
Tur])(*ntine \enctian 
Tv'rosine 
Uranium nitrate 
Urazine, para. 

Urc*a 

Itu acid (\a salt) 

Uvitonic acid 

X'alcru* amid('s 

Vanadium sulfate 

Wanillu' acid 

\''ainlhu 

Xanthine 

Xylol 

ZllH 

Zinc sulfate 


Tins is by no means a conijilctc list, but it is sii^^oestive of the 
larca* nmnbcr of ('licmicaK tthich may be looked ujion as available for 
a])|>]i(‘alK)n to soils, in addition to the small list whu'h lias bcc'ii j.(iven 
of reeojtni/ed itlanl fo<'d mateiials. Since, the stibstanees contained 
in this larger table are not of ^H*neral apiilieability, the\' are to be tised 
only in siu'h special ('ases as a diaj;nosis of the S(.d indicates that they 
may be safely and eeon< mically used It will be noticed that this 
list ('ontains such common soil amendments as lime in different forms, 
for the use of which there are fairly satisfactory methods of diapiosis 
and uhic'h ma>’ now be ajijdied only where tests indicate that it will 
lie useful 

This list of jck) vsubstanccs therefore would form a “])lianTiaco])oeia” 
of substancCvS to be used only in special cases and witli specific crops 
as indicated by a dia^^nosivS. There is no more justification for in¬ 
cluding any of these in a fertilizer formula for j^eruTal use than there 
would be for including drills in a general wax' in foods lieeausc they 
might be beneficial to some jieojfle under certain conditions, a practice 
which is iirohibited by law. 

Objections may he made on the ground t liat it is much more difficult 
t(x diagnose soil troubles tlian to diagnose the diseases of man; but 
this is begging the question, for the difficult)' should be overcome 
through the development of methods and the education of farmers 
properly to diagnose soil conditions, as has been done in the long 
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Study of the diseases of man and of the appropriate remedies to be 
used. 

If the essential differences between the admitted mineral plant 
foods and this “pharmacopoeia” material is recognized and if soil 
investigators and users are willing to face the facts and to apply these 
things intelligently to the soil, there seems no sound reason why we 
should not go back to the beginning of jiresent fertilizer practice and 
use the chemicals that wxtc then used to find the basis of the fertilizer 
necessities. These WM)uld be eomj^rised in the simplest and most 
concentrated salts that can be made by present methods and that 
can be mixed together in all iiroportions without change, namely 
ammoniiun nitrate, ammonium ])hos])hate, ]potassium phosphate, and 
potassium nitrate. 

The adoption of such a chemical basis for the main fertilizer 
manufacturing industry of the country would insure any desirable 
future extension of the fertilizer trade of uniform materials in the 
most concentrated form in w^hich they could be ship]:)ed and used 
and w^ould in no way })revent the use of present forms of w'aste and 
by-product material so far as they are available and can besu])plied 
economically to the farmer. 

Objections may be raised to the elimination of organic material on 
two grounds; h^'irst, it may be argued that they are good conditiontTS 
and tend to keep fertilizers in the best jiossible texture for a]ipli(‘ation 
to the soil and from the dilution resulting from their use make it 
easier for the farmer to distribute the fertilizer on his soil. No 
answer is required to 'this criticism, as experience show\s that the 
valuable organic ammoniates are not available for the more extensive 
use of fertilizers which is demanded and indicates that it wnllbe 
necessary to dejiend more and more upon chemical substances and to 
devise more efficient methods for applying fertilizers in concentrated 
forms. 

The second objection w'hich may be urged is that the organic matter 
itself may furnish food to the soil organisms. In turning under a 
leguminous crop or in ap[jlying from 5 to 40 tons ])er acre of stable 
manure the amount of organic matter sufiplied to the soil organisms 
from which they derive their energy is very considerable, while the 
amount of organic matter contained in an application of 400 pounds 
of commercial fertilizer per acre would be exceedingly small. hTirther- 
more, the availability of the nitrogen of the nitrogenous organic 
materials is generally compared with the efficiency of nitrogen in the 
form of nitrate of soda and imit by unit of nitrogen they are generally 
shown to be less efficient than the standard. 
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It would ay)]:)car, therefore, that with the advances that have been 
made in the fixation of nitrogen in the form of ammonia gas and in the 
oxidation of this gas to nitric acid and the development of liquid 
i:>h()sphoric acid from j^hosphate n>ck, there is a proper chemical basis, 
under ])r()per control as to production, for a fertilizer industry based 
upon the use of such simyile salts as ammonium nitrate, ammonium 
phosphate, potassium phosphate and potassium nitrate. 

NITRIFICATION STUDIES WITH YAHOLA SOILS* 

Henry Mvrphy- 

In recent articles in this Journal,’* data were presented which show 
the influence of lime and organic matter (manure) applied to two typ¬ 
ical soils of the Great Plains region (Vernon and Kirkland soil series) 
on plant characteristics and nitrate production 

The purpose of this article is to give l:>riefly the influence of these 
materials when used on the Yahola soil of the same region. The 
Yahola soil is a bottom land soil formed y)rincipally from the Red 
soils (\'ernon). The Red lands formed from disintegrated and weath¬ 
ered sandstone generally occupy the rough to stee]) liills and erode 
quite badly, the material washing away and forming a rather deep 
soil ger.crally of a sandy nature. This newh' formed soil is classified 
Yahola. The subsoil is generally of a lighter texture and color than 
the surface soil. Very often the first two or three inches of the 
surface soil is of a sticky sandy-clay nature, and is sandier below, 
becoming more open as the depth increases. The cfilor of the surface 
is reddish brown, while the subsoil lightens to an almost .salmon shade. 
The surface drainage is generally good but the under drainage is 
such that a large amount of moisture is lost. 

The soil tyyie used for this experiment was Yahola very fine sandy 
loam. The surface soil is a little hcav>', but the general soil is 
moderateh' oyicn in character. 

The rate per acre of the various treatments and general results as 
to nitrates produced found are given in Table i. The soil has 
received the outlined treatments twice since the exyieriment was 
started, once in igiy, and again in ig2i. The nitrate data given 
are the results of pot tests using 100 milligrams of ammonium 
sulfate as the material to be nitrified for each 100 grams of soil 

K’^ontrihution from the Department of Agronomy, Oklahoma Agricultural and 
Mechanical College, .Stillwater, Okla. Received for publication March i, 1924. 

^Associate Profc.ssor. 

*See Jour. Am. Soc. Agron, 15:442-444 and 16:130-136. 
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(calculated on over-dr\^ basis) and incubating for a period of four 
weeks at room temperature. 

Table i .—Showiuff number of milligrams of nitratts per hundrtd cubic centimeters 




of filtrate. 





• Month 

Plot Treatment 

1921 

1922 

1923 

Average 


No. 





June 

I 

Check 

3 . 2 CX) 

10.725 


6.962 


2 

5 tons limestone 

11 035 

30.770 


20.902 


3 

2 8 tons (juick lime 

9.410 

25.000 


17.205 


4 

5 tons limestone and 8 tons 







manure 

lO.CXX) 

32.050 


21.025 


5 

2.8 tons quick lime and 8 tons 







manure 

10.666 

34.615 


22.640 


6 

Check 

2.176 

12.115 


7.145 


7 

3 tons lim(‘stone 

7.272 

18.675 


12.973 


8 

1.68 tons quick lime 

8.420 

32.050 


20,235 


9 

3 tons limestone and 8 tons 







manure 

8 .o(X) 

20.510 


14.255 


10 

1.68 tons quick lime and 8 tons 







manure 

7.272 

22.435 


14.853 

July 

I 

Check 


6.533 

5.400 

5.966 


2 

5 tons limestone 


16.533 

13.333 

14.933 


3 

2.8 tons quick lime 


17.599 

19.000 

18.299 


4 

5 tons limestone and 8 tons 







manure 


20.000 

23.466 

21 733 


5 

2.8 tons quick lime and 8 tons 







manure 


26.800 

15.400 

21.100 


6 

Check 


7.466 

8.300 

7.883 


7 

3 tons limestone 


8.533 

15.866 

12.199 


8 

1,68 tons quick lime 


>9.733 

16.799 

18.266 


9 

3 tons limestone and 8 tons 







manure 


18.133 

17.133 

17.633 


10 

1.68 tons (juick lime and 8 tons 







manure 


21.599 

19.466 

20.532 

Aug. 

I 

Chock 

1.115 

8.200 

8.200 

5.838 


2 

5 tons limestone 

6.540 

18.133 

26.000 

16.891 


3 

2,8 tons quick lime 

3.295 

19.733 

27.200 

16.743 


4 

5 tons limestone and 8 tons 







manure 

6.700 

20.532 

22.933 

16.722 


5 

2.8 tons quick lime and 8 tons 







manure 

5.145 

17..333 

29.200 

17.226 


6 

Check 

1.165 

6,000 

7.146 

4.770 


7 

3 tons limestone 

2.790 

16.266 

10.133 

9.730 


8 

1,68 tons quick lime 

4.400 

16.253 

20.533 

13.729 


9 

3 tons limestone and 8 tons 







manure 

3.665 

15.719 

12.666 

10.683 


10 

1.68 tons quick lime and 8 tons 







manure 

3.480 

15.200 

12.800 

10.493 


The data presented in Table i leave no doubt as to the influence of 
lime on nitrification in the soil, the treated soil generally jiroducing 
from three to four times the amount of nitrates produced by the 
untreated soil. 

Table 2. Effect of rate of application of lime on nitrificaHon in Yahola soil. 

Treatment 2 yr, Ave. 2 yr. Avc. 3 yr. Ave. 

June July August 

19053 16.616 16,817 
16.604 15232 11.729 
7.053 6.924 5.304 


5 tons limestone or equivalent quick lime 
3 tons limestone or equivalent quick lime 
Check. 
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The data jircscnteci in Table 2 show that the rate of application 
of the liine has an e/Tect on the amount of nitrate produced. As a 
general average, the soil receiving the heavier rate of lime [)roduced 
the largest amount of nitrates. This is in accordance with data se¬ 
cured on the ujjlands from which Yahola soil is formed, as shown in 
prec'cding papers. 

Taull 3 — Kff(rt of different forms of hnu on nitrificalton in Yahola soil. 

Treatment june July August 

Average of till liineslotie treaUnenls if>-937 

Average of all tjuiek lime treatments 18.720 18.282 15 236 

Average of all cheek I ilo^s . ... 7.053 6.924 5304 

The influeiice of the forms of lime on this bottom land is practically 
the same as on the corresponding uplands, since land treated with 
caustic lime jiroduced the largest amount of nitrates. This is shown 
in Table 3. 

Tahi l 4 —Influence of manure on nitrifl(ahon in Yahola soil 


Treatment Jane Jul\ Augii.st 

5 tons limestone or et]uiva]ent quick lime . 19.053 16.616 16.817 

5 tons limestone or e<juivalent an<l 8 tons manure 21.832 21.416 16 974 

3 tons limestone or e(juivalenl c|uiek lime . 16.604 15.232 11729 

3 tons lime.slone or e(tui\alent anti 8 tons manure 14.554 19 082 10 588 

Check . . 7.053 6.924 5 304 


Data presented in Table 4 do not show that nitrification is ii creased 
to an>’ great extent when manure is used in connection with hme on 
this^soil. 1'his also applies to the uplands from which this soil was 
formed. With the uplands however, manure produced its greatest 
efi'ect when applied with the lighter application of lime, while for the 
bottom land soil manure gave the liighest returns of nitrates when 
used AA ith the larger application of lime. 

Tablf 5 —-Effect on kafir plants grown on Yahola soil of treatments uith different 
forms of lime, with and without manure. 

Piet .’^'o of stalks Effect on height of s+alk Effect on circumference of stalk 



mca.su red 

Mode (ins ) 

Mean (In.) 

Mode (In.) 

Mean Tn 

I 

94 

51 

5 ^- 5 h 

2.8750 

2.93 

2 

119 

54 

50.10 

2.8750 

2 82 

3 

125 

52 

50.35 

2.8750 

2 76 

4 

116 

54 

52.30 

2.5CKX) 

2.88 

5 

n>5 

55 

52 14 

3.0625 

3.02 

6 

98 

53 

48.88 

2.9375 

2.94 

7 

no 

48 

49.10 

2 8750 

2 93 

8 

103 

48 

49.44 

3.woo 

2.95 

9 

I(X) 

51-52 

49 . 5 « 

3.1250 

3.00 

10 

106 

47 

48.82 

2.7500 

2.90 


As to the influence of the treatments on the height of stalks and 
circumference of stalks shown by the data in Table 5, no great benefits 
can he noted. Tliis is opposite to the case for the upland soils. 
This may be due to the fact that the subsoils of the uidand soils are 
heaA^A’ in character, and for the Kirkland, hardjian in nature, while 
for this bottom land soil the subsoil is axtv open-a difference in 
which either the stimulating effect of lime on the plant from the plant 
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food standpoint or the effect of lime on the physical condition of 
the soil would probably be more favorable to pronounced results on 
the tight upland soils. It is known that these uplands are only 
moderately supplied with plant food, which perhaps means that they 
have only a limited amount available at any one time, andthatthe 
subsoils tend to restrict root extension and moisture movement into 
the lower subsoil. 


AGRONOMIC AFFAIRS 

COMMITEES ON REGISTRATION OF VARIETIES OF WHEAT, 
OATS AND BARLEY 

President M. F. Miller, of the American Fociety of Agronomy, has 
announced the appointment of the following members of the vSociety 
as the three committees on registration of varieties of wheat, oats 
and barley, respectively, which were authorized at the annual 
meeting of the vSociety held in Chicago on November 12, 1923’ 
Oats Barley 

T. R. Stanton, Chairman (3 yrs.) H. V. Harlan, Chainnan (3 yrs.) 
W. C. Etheridge, (2 yrs.) R. G. Wiggans, (2 yrs.) 

J. H, Parker, (i yr.) E. F. Gaines, (i yr ) 

Wheat 

J. Allen Clark, Chainnan {3 yrs ) 

H. H. Love, (2 \TS ) 

A. C. Arny, (1 yr.) 

The powers and duties of these committees are described in detail 
in the report of the Committee on Methods of Registration of 
Varieties of Wheat, Oats and Barle>', which was presented at the 
annual meeting and is printed in full in the published Minutes (sec 
Journal of the American Roc'Etv of Agronomy, 15:527 529, 
December, 1023). 
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1. COORDINATING THE EXPERIMENT STATION AGRON¬ 
OMY PROGRAM AND THE EXTENSION PROGRAM' 

A. J. Meyer- 

Harking l)ack to the clays when the Sniilh~Le\'er Ac't was in the 
inakinj^, most of us will recall the eloquence and emphasis with Y^hich 
vStatesmen and scholars ]m)claimed the (existence of vast accumula¬ 
tions of a^n'icultiiral information at the v^irums state a^Ticultural 
collej^es. 

We were assured- -as w’e assured ourselves and others—that the 
W’ielder of tCvSt-tube, scTilf^el and microscope had wrou^^ht mightily and 
Avell. Meanw^hile ajj:riculture- -referring specifically to that of the 
open country, rather than the laboratory—languivshed. The hideous 
s])ectcT c^f a mal-adjusted cropping system, a depleted soil and a 
Nation crying for brc*ad, stalked silently tho menacingly abroad in 
the land. Some means must be i)rcn'ided without delay to bring 
]}ennanent relief to this developing situation by carrying to the farm 
this stored-u]) knowledge now^ in the possession of the colleges. 

The vSmith-LevcT Act Ccime to the rescue. It became the law^ of 
the land. Over it the Ibiited States Department of Agriculture 
waved its fairy wand of authority and, presto I-- there arose in each 
state an agricultural extension service. Hard fares it newv with the 
hideous sj)ecter of agricultural impoverishment. No longer does he 
roam the countryside alone. ClovSe on his heels presses an untiring 
foe—half man, half fliwer. He is called “county agent." To him is 
assigned the happy task of ])ersonally delivering to each farmer his 
proper share of the undivided surplus of agricultural kncnvledge w^hich 
has accumulated thru the years at the agricultural college. 

T^aper read as a part of the symposium on “Extension Work in Agronomy,” at 
the meeting of the Society held in Chicago, Ill., November 13, 1923. 

^Director of Agricultural Extension vService, University of Missouri, Columbia, 
Mo. 
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Bui as the task unfolds, complexities arise. Farmer Jones listens 
politely to suggestions. He cordiall}^ invites the agent to dinner—• 
Mrs. Jones and the girls will be interested in meeting this likable 
young chap—not to mention the hired hand. Jones agrees most 
heartily with all the ideas of the new agent. Yes, he has always be¬ 
lieved in crop rotation since he first began to read about it twenty 
years ago. He’s seen how acid phosphate has been giving good re¬ 
sults for these experiment station fellows every year for the past 
eight or ten years. He ought to use lime on every foot of his farm; 
he’s believed that ever since his father used it with such good results 
thirty years ago. But somehow all these things don’t quite fit into 
the Jones s\^stem. Fine ideas, though, for those who can use them 
Worth pushing in the county. Splendid notion- having a county 
agent. J( nes is for it 

Under stimulating ex])ericnces such as this and others of .similar 
character, representing greater or less degrees of stimulation, the 
extension worker very sixm reached two important conclusioi-'s. 
first, that the agricultural college had done a rather thoro job of 
distributing its new kiiowled) e about as fast as its researc'h division 
had been able to turn out now knowledge, and second, that the 
immediate and, by far, most pressing task confronting the extension 
division was to lead fanners to adopt practices the \'alue of which 
they already conceded. 

Having thus analysed the extension jiroblcm in its grosser aspects, 
we are ready to ])roceed to a more sjiecific consideration of the ques¬ 
tion before us, that of coordinating experiment station and extensiem 
activities. 

Prior to the passage of the Smith-Lever Act, much (in some colleges, 
most) of tile extension W(jrk of the institution was done by experi¬ 
ment station men. Under this system of dual functioning, there was 
of necessity the very closest coordination of investigational and 
extension work. 

With the organization of the extension service, station men have 
been steadily losing their intimate personal contact with farm })eoi)le 
and, corre.spondingly, with farm problems. If I understand the 
trend of development in the colleges, the direct contact between the 
research w^orker and the farmer in whose interests he labors, growls 
increasingly less. The extension service has only one place in the 
college organization. That place is squarely between the research 
division and the farm, a connecting link and likewise a separating 
link betw^-een the two. This situation must inevitably cause the in¬ 
vestigator to drift from his farm moorings unless a sure way is 
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maintained to bridge the ever-widening gap. If comj)arisons may 
be permitted, I venture the assertion that failure j^roperly and 
permanently to bridge this gap will result in greater disaster to the 
extension division of the college than to its research division. The 
extension specialist should and must, therefore, assume the respon¬ 
sibility of kee])ing the department, which he rejirescnts in a subject 
matter way, fully informed with reference to the needs of the field as 
he discovers these needs in the performance of his regular duties. 
The initiative should rest with him in this matter, even though at 
times he may render no greater service than that of confirming 
knowledge already in hand which has come to his de])artment thru 
other channels. 

The resjionsibility of the experiment station to the extension 
service is equally clear No college can functiem effectively and with 
credit to ilself in the extension field unless its research division shapes 
its pnigram with the fulle.st regard to the institution’s extension 
needs. 

In order that this pajier might not deal entirely with abstractions, 
the writer took the liberty of addre‘^sing a questionnaire to thirty- 
nine extension agronomists in s( mething less than that number of 
states. 

1 'he questionnaire was as follows 

1. I.i.st in the order of their im])ortane(' five (jiUNtions you meet m your 
field work wlneh eminot he sntisfacionlv answcTed without ad<iittonal research 
work by vour slate expennieni station. 

2. Is your i'Xjionnient station iun\ engaged on proieet's whieh will give you 
the answers to (]uesli<)ns listed under (i) alxne? AH’* If not, how many? 

3. Were these ('xpennient station jirojeets instituted at your reipiosi or 
suggcbtion Ill ordei tliat you might have exjierimeiUal data needed in your held 
work^ All? If not, how many? 

My motive in the case of each of these questions will ajipcar in my 
conclusions based upon rejilies received from twenty-seven of these 
extension agronomists Two of the number stated that they were not 
confronted by problems which .stood ont as es])ecially needing at¬ 
tention. Ten agronomists did not reply. Since this number repre¬ 
sents an average mortality rate as questionnaires usualh' go, we need 
not speculate as to what the ten might huxo said had they submitted 
replies. 

The following ccniclusions are drawn from the rej^lies received: 
1. The extension agronomist is keenly conscious of the fact that 
his success is dependent to a very large degree upon the efficiency of 
the research division of the institution he represents. He realizes 
that superior methods and painstaking mechanical organization of 
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his work cannot accom]')]isli results unless he has constantly at hand 
information somewhat in advance of the common knowledge of the 
best farmers with whoni he works. This knowledge can only come 
from scientific investigation. 

2. The ])rol)lems, from the extension worker’s standpoint, de¬ 
manding further wSludy are prepondcratingly those of limited regional 
ap])Hcation, problems which apply to individual states or to special 
regions within individual stales. A roi3gh classification of the one 
hundred eleven questions submitted places them in twenty-nine 
grou])S. One question app(‘ars nine times; two questions a])j)ear 
three times each; three questions a])pear two times each. This 
statement in itself indicates that there are no general outstanding 
questions ap])lying to large numbers rrf states. Each state has its 
own special problems and, for the most part, these j)roblems are 
confined to limited areas within the states 

3. More information on legumes and fertilizers is needed in prac¬ 
tically all sections of the United vStates. 17.1 of the qu(‘Stions 
listed in replies to the questionnaire are ('oncerned with fertilizers; 
26. with legumes to which might very ])ro])erly be added an ad¬ 
ditional 7 2^7' lime inquiries, the latter being, of course, closely 
associated vith the legume ])robleni 

4. There is still considerable demand for information onjM'oc- 
esscs; e. g., how to harvest soybeans, hcAv to treat for loose smut, 
and the like. 20^;'^, of the questions submitted were in the nature of 
“how-to-do” questions. Farm processes are still a i)roblem with us. 

5. Most of the ])roblems confronting extension wen'kers are in 
XJrocess of attempted solution hy the ex]jeriment stations, 82 g% 
according to the results of the que.stionnaire. 

6 With but four excei)tions, extension specialists re])lying to the 
questionnaire indicate that they have been consulted and their 
needs considered in the sha])ing up of the re.seaTch activities of the 
subject matter departments with which they arc associated. 

This last point deserves sp'ccial cf mment. It sounds the kc^mote 
of the full-functi( ning, unified dcpaitment in which every member 
is made to feel his responsibility for dej)artmental strength in its 
every activity. It betokens a healthy situation as regards the 
coordination of experiment station and extension activities. It 
speaks well for our present status and promises well for the future. 

Probably the most significant thing brought out by the questions 
submitted from the various states is the great need for work which 
combines extension and investigational features. It may be un¬ 
orthodox to so much as suggest a combination of experiment station 
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and extension service activities in the same projc'ct. Yet, work of this 
kind is needed; moreover, from the stand])oint of the institution 
itself, much time and money can be saved by a wise coml)ination of 
the two lines of effort. As an illustration, we have, in Missouri, a 
persistent demand for information on cotton production. The 
cotton~])roducin^ area of Missouri presents a wide variation in soil 
types and texture. The adaj)tation of a system of cotton ^Towin^ to 
each of these different types is a problem confronting the agricultural 
collej:^e. The C(jtton growers of southeast Missouri cannot afford to 
wait two or three years while the exi)criment station works out the 
answers to sucli questions as proper varieties to plant, space be¬ 
tween rows, s]jacit\i,^ in tlie rows, fertilizers, methods of tilla|::;e, con¬ 
trol of insect enemies, and the like. The extension service will not be 
fulfillini^^ its function if it nej:;lccts its oji])ortunity to help farmers with 
their cotton jiroblems. The in^stitution as a whole will lose support 
and fail in its duty, if it does not at once brin^ to the cotton growers 
of southeast Missouri all its available facilities What is needed in 
Miss(*uri at once is to establish, on all the soil types of the cotton¬ 
growing areas, demonstrations which farmers may study through the 
season and from wdiich farmers may draw’ their ow’n conclusions 
W’ith reference to the various jihases of cotton production. While the 
farmer is learning, the ccjllcge w’ill be learning. To this extent, these 
demonstrations may be regarded as investigational in character. 
Theii extension value is evident, i)articulcirly to those of us wdio 
know’ that farmers are generalb' more interested in w’atching a 
demonstration w’hose outcome is more or less a matter of question 
and doubt. Human nature is very much alike the w’orld over. 

Apparently every state reached by the questionnaire retVrred to 
above has iiroblcms identical w’ith the cotton tiroblem of ’Missouri. 
I'he}' are all problems that must have immediate attention. Planners 
w’ill rightly criticise the institution w’hich, in its attempt to maintain a 
clear differentiation betw’ecn experiment station w’ork and extension 
W’ork, iiroceeds deliberately to exi)eriment one t’car and demonstrate 
the next. The two must go forward simultaneously and together. 

Finally, may I leave the following thought w’itli you. It is neither 
new’^ nor original, but it w’ill stand repeating. Coordination betw’cen 
the experiment station and the extension service is important. 
Each must have a program w’hich hannonizes and supplements that 
of the other. Neither w’ill reach its maximum of efficiency, how’ever, 
until the college proper shall develop a long-time program, directed 
toward positive goals, and then bring to bear upon the accomi^lish- 
ment of that program all the resources wdiich the college has at its 
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disposal. The resident teacher will have his part; the research man 
will have his part, and the extension worker his. Then, and not 
until then, will we have perfect teamwork. When that time comes, 
not only will research man and extension man sit about the council 
table together to decide departmental programs, but department will 
sit with de])artment, to the end that each may play its proper part in 
a great unified institutional program. 


2. WHAT PROPORTION OF THE FACTS PUBLISHED BY THE 
EXPERIMENT STATION ARE USABLE IN EXTENSION WORK^ 

H. C. Ramsower* 

When 1 began to think seriously about the subject assigned me for 
this pa])er I decided that a proper ])rocedure would call for an ex¬ 
amination of a number of annual reports of agricultural experiment 
stations in an effort to answer the question with seme degree of 
accuracy. After turning through a few such reports, I came to the 
conclusion that such a study would be essentially useless for the 
following reasons: first, the whole study would be based U])on my 
individual conception of what an extension project is; second, when 
an experiment suitable for .station work is j)ro])osed the question 
“Will this i)iece of work if successfully concluded be adaptable to an 
extension project” may be, ])erhaps shcmld be, wholly irrelevant; 
and third, ideas as to the proper subject for an extension project will 
necessarily change as progress in the extension held is made. 

After tabulating the work reported by one station as comjileted, or 
in ])rogress, during one year, I estimated that api)roxiinately one- 
half of the experiments under way had in them material that might be 
used for active extension projects. The other half, none the less 
valuable, prc.sumably adding materially to the sum total of scientific 
knowledge, were nevertheless so far removed from the posvsibility of 
practical application as to be useless for j^resent day extension jmrposes. 
Further study would, no doubt, shew^ that much of this latter class of 
w^ork is essential in the solution of other and more practical prob¬ 
lems. The work of experiment stations must alwa3"s afford the basis 
for extension projects dealing with .subject matter. This work should, 
no doubt does, look forward in all instances to the solution of some 
agricultural problern. The final solution, however, may be in the 
distant future, in which case the problem is a most excellent one from 

’Pa]K’r r("acl as a part of the .symposium on “Extension Work in Agronomy” 
at the meeting of the Society held in Chicago, Ill., November 13. 1923. 

^Director of Agricultural Extension Service, Ohio StateUniversity, Columbus, O. 
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the standpoint of the station yet wholly unready for the use of the 
extension specialist. 

Again, a station problem may be solved to the satisfaction of all 
concerned. Tt may be approved as a practice that should have wide 
application in the state, yet farmers may not be in position to install 
the practice. Such a problem, therefc^re, should not be selected by 
the extension specialist. The burden seems to fall on the specialist 
and those with whom he advises. He is close to the real problems of 
the farm. He is familiar with the progress of farmers in his i)ar- 
ticular field. To select an appropriate ])roject ])ecomes his first task. 

I found myself, therefore, giving thought rather to what I believe 
to be a more fundamental and a more timely ])hase of this subject, 
namely, “What constitutes a good extension project"” 1 trust I 
may be ])ardoned if, m discussing this theme, I am departing from 
tile original plan of those who made up the program. 

The W(>rk of the extension speciali.st must bemea.sured in terms of 
the number of farmers that ado])t practices which he recommends 
rather than in tt'niis of ])rin('iples enunciated ]jy word of mouth, by 
the limited ])age, or liy tlie demonstration. With such a yardstick 
a])plied to (nir general extension activities our efficiency curve runs 
extremely low. One remedy is a simjdified project 

Amcjng our first efforts in extension work was the extension school. 
This ])rojet‘t mereh’ moved the college class room out into the rural 
community where the work was made more a\'ailal>le to thf'^se for 
whom it was intended. 1lie jiiinciples set forth at .such meetings were 
many and \aried. T1 k‘ whole gamut of what, why, when, and howy 
was run. Much good w'as done, no dou]:>t Just how much no one 
knew cn* could readily ascertain. The demonstration then came on. 
It frequent]>' accom])anied the school and iinjiroved it, too. It is now 
a part of e\’cry extension W'orker’s equi])ment Our projects arc 
])lannc(i to demonstrate this or that. The jirincijile underlying the 
])lan is sound. 

(Hir projects, howxnxT, have been too complex. We have sought to 
demonstrate too much at one time. Too often, we have attempted 
to sell our eust( mcr a ccintilcte outfit-- suit, hat, shoes, overcoat— 
and failed because the size of the purchase scared him out. In hunting 
for the problem to form the basis for a jiroject w^e have used a large- 
bore shot gun when a full-choke or even a rifle wx')uld have been a 
better selection. 

Let me illustrate. We go out before a grou]) of farmers and give a 
talk on soil improvement. We discuss drainage, tillage methods, the 
use of barnyard manure, commercial fertilizers, and the growing of 
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le^^umes. Each of the phases covered is part of a rational soils 
program. The farmer should do all of the things suggested. He goes 
home thinking of the plan placed before him. The next evening 
sitting before his kitchen fire he soliloquizes—“They told me I 
must drain my land, if it is wet. I wonder what is meant by wet! 
How much will it cost me to drain*'' Ciin 1 afford to do it? Jf Brown 
handled tile I might try some; but he doesn’t. 1 might even get some 
tile shipped in, if there was a ditching machine in this neighborhood to 
put them in for me. I should like to try it anyhow. They told me to 
use commercial fertilizer. They said something about feeding the 
soil and not the cro]) Now I wonder what my soil needs. Jones 
handles several brands. I guess he knows fertilizers pretty well, 
ril wait till he comes before 1 dt'cide. And 1 must have a legume in 
my rotation. Soybeans sound go(^d to me. Eavsicr to grow than 
alfalfa. 1 wonder how beans are ])lanted. I wonder where I can get 
some seed ^ How do they harvest those beans anyhow. This farming 
business is pretty oom]dex. I don’t know what to do first. That was a 
mighty good talk, though, Fd like tc» hear that young fellmv again 
sometime after I have had a chance to think these things over.” 
The sale was lost. I fc might have 1 umght a pair of shoes. 

The point I wish to make is this, (hir projects must more and more 
be drawn in terms of simple, single practices. Out, of the mass of ac¬ 
cumulated station evidence, there must be taken a \'ery small number 
of established facts and these sold in successive installments. The 
dairy sjxTialist carries a jiroject in improved feed jiradices. He 
attemjits to set forth the principles underhdng feeding and lialancing 
of rations. The practice in\'olved is comtilex. 7 'he average man 
will not get it and hence will not improve his jiractice. It would be 
far more to the point to recommend a few simple rations, telling 
exactly how to make them u]) in terms of bucketfuls, if you please, 
rather than in terms of percentages, ^'uch recommendatir)ns will be 
adopted and jiut into practice. Joe Wing was once addressing a class 
at the Ohio vState University when some one asked what he con¬ 
sidered the best make of lime spreader. He named a jiromincnt 
spreader without hesitation. His answer was specit'ic and to the 
point. The questioner was satisfied. My answer as an instructor 
would have been quite different and much less satisfying. It is not 
always easy, perhaps not always possible, to be specific. It some¬ 
times takes courage »and a little daring to make specific practice 
recommendations. We must not go beyond the bound of reason; 
but if our efficiency curve is to rise more rapidly than in the past, we 
must simplify our jirojects. 
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Our projects have not always been thoii^^ht throu^^h to a definite, 
logical end. It is useless to demonstrate the need of lime in a com¬ 
munity if getting lime onto the farm is the chief factor controlling 
the spread of the project. Establishing the demand may logically 
y)reccde the task of satisfying that demand. But the project may be 
questioned if it does not at least have a s<dution ready for the more 
fundamental jihase of suy^plying the lime. There is no logic in ad¬ 
vocating the wide use of an improved variety of wheat unless the 
demand for it can be satisfactorily met. A yiroject promoting the 
use of disease-free* northern grown seed potatoes will be incomplete 
unless a satisfactory source of seed is known and machinery is avail¬ 
able for bringing it into the coinnninily. If drainage is the problem, 
yierhayis first attentions should be given to better ways and means of 
getting tile into the community. Or, this being properly cared for, 
it may be lliat the big difriculty standing in the way of drainage 
yirogress is labor There is little use in talking or demonstrating 
systems, depths and distances, until the problem of getting the tile 
into the gnamd is worked out First efiVirt should, therefore, be 
directed t(jward the wider use of ditching machines, if that bo the 
solution of the labor (yuestion. Our projects must not only strike at 
simple, single practices, but they must also reach those that are funda¬ 
mental They must jilace first things first. 

Our projei'ts must be drawn to meet the needs and progress of a 
farme»' who is near the average in yiractice Our extension work is 
largely d(’)ne with what might be termed the up])er ten percent of the 
farm fiopulation. A fairly large number, in this grou]i, are already 
following the jiraetices recommended by station and extension. 
In this gTou]), there is found the breeder of jitirebred livCvStock and 
ynirebred seed- the neat, progressive, ])rosperous fanner. The 
station must keep in advance of this group in the discovery of new 
truths on which new and improved practices may be based. But 
we have a tendenc\^ to work with this group too excluslvel^^ We 
yilan our pnjjects for this group. We think of the needs of this 
group and note what progress its members made in our work during 
the year. Another year we devise some new project for them. The 
question I am raising is this “Is a project designed primarily for this 
upyier-ten group suitable for wide dissemination among average or 
below-averagc farmers?'” To illustrate,our ])oultry specialists work 
intensively with a small grouji of poultry-farm demonstrators. 
They are good poultr}" growers. Their jiractices are of the best. 
They house their birds in faultless manner; they feed mash; they 
breed and select the best layers; they cull; they rotate 3^ards; 
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they use disease-preventive and curative measures; they adopt any 
good new practice at once. The specialist is too likely to think of 
these men when he plans his new projects. Possibly, the average, 
farmer who keeps a good many birds, is doing none of the things the 
semi-professional poultry grower is doing. A project for him must 
begin with fundamentals and keep at fundamentals for some time to 
come. 

Our projects must not be dropped entirely from the specialist’s 
program until the idea is installed by nearly fifty percent of those 
concerned. 

A few days ago I had the privilege of listening to a series of talks 
given by Dr. W. W. Charters of the University of Pittsburgh on 
“Methods in Education.” He gave me a C(^/mbination of .simple 
words in which is expressed the w’hole functi(m of extension and hence 
the function of the specialist. I should like to ])ass them on to you. 

He was comparing x>rocedure in pure research and practical re¬ 
search. He staled that there are tw'o steps in pure research; namch% 
(t) selecting the problem, and (2) solving the problem. He said 
that, in ])ractical research, there are five ste])s. (t) surveying the 
field; (2) selecting the problem; (3) solving the problem; (4) in¬ 
stalling the S( 4 ution; (5) maintaining the practices v^'urvey. {"'elect. 
Solve. Install. Maintain. Let every extension worker take firm 
hold of those five words. 

It is true that the i)ractice of the best farmcTS has a wholes(mie 
eflect (on the man of average attainments. It is necessary and usually 

best to sell cur wares to the ea.sie.st custc meis. But cur task is otiIv 

« 

begun when, too often, we lay it dowui as finished. 1 he mortality in 
extension })rojccts frem year to year is tremend(us. Where is the 
trouble’" Were they not worth while pushing until the practice l:)e- 
came quite general Or do w'e feel that somebody else must take the 
responsibility for spreading practice after that practice is success¬ 
fully demonstrated in a few' isolated cemmunities" 

I am not assuming that the specialist must take sole responsibility 
for the e( m])lete installation of his projects. The county agent must 
and wnll do his i)art. The specialist must, however, bear the chief 
responsibility. He sells his projects to the coimty agent. The county 
agent begins the installation. The specialist puts on a few demon¬ 
strations and, too often, stops there. He has only begun. Somehow, 
someway, that project must be continued until a much larger portion 
of those interested have been reached and have made the installation, 
than has heretofore been the case. 

Again I refer to the statement, made in the beginning, that a 
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specialist’s work will be measured by the extent to which the projects 
for which he is responsible become the accepted practices of those for 
whom they were intended. Aside from a consideration of the method 
used to install the project, the type selected will help or hinder in- 
vStallation. Our task, then, is to survey the field to determine funda¬ 
mental needs in each line of work; to select a simple problem; to 
discover amon^ station evidence, or elsew'here, a solution for that 
problem; to install the solution; and then to sec that the ]>ractice is 
maintained. All this means simplified projects, thorough!}' thought 
out, planned for average customers and then aggressively sold. 

3. WHAT. PROPORTION OF THE PRACTICES PROJECTED 
BY THE EXTENSION SERVICE ARE ADOPTED BY FARMERS^ 

(). S Fisher- 

It w'ould seem that the subject for discussion at this time strikes 
right to the foundation of all extension work. 

The fundamental idc‘a back of the v^Tnith-Lever law' and. even 
befiwe that, in the extension W'ork carried on in the Cotton Belt 
states, w'as that demonstrations, carried on in connection with the 
farm and the hrane life (d* th(‘ ])eo])le. should tend to modify existing 
conditions and make the farm more ])rofitable and the farm home a 
more ])k'asant place to live. If the farmer does not ado])t the ]>rac- 
tices that are demr^nstrated to him on his owm farm then the w'ork is a 
failure 

There are four distinct ste])s in tlie extension program and unless 
all of these stcjis are carried through to the ultimate conclusions the 
extensiem W'ork usually < 1 < es not succeed 1 hese are. j. The exten- 
si(m w'orker must be able to find the fundamental problem that is 
needing solution. 2. He must lind an answ'cr to this ])roblem that is 
both ecom mically sound ami jiractical enmigh to fit into the opera¬ 
tions of the average faini. .v Having found the solution, this must be 
demonstrated on a sufiieicnt number of faims well scattered over a 
county that the farmers may see that the solution is practical and 
profitable for them to follow' 4. Having demonstrated that the 
practice is sound, i^ must then be sold to the ])eople. 

Let us analyze, for a mcmient, these four fundamental steps in 
extension work. 

First, there is the matter of studying conditions, in order to de- 

‘Paper read avS a part of the symposium on “Extension Methods m Agronomy” 
at the meeting of the Soc'icty ht'ld in Chicago, Ill., November 13, 1923. 

^Extension Agronomist, U. S. Department of Agriculture, Washington, D. C. 
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termine the fundamental problems of the farmer. In the early years 
of extension work, little attention was given to a real study of the 
farmer’s prol>lems. The agent was placed in the county, and w^as 
considered both by the farmers and by the pcf)])le at the college more 
in the light of a “fami doctor” to answer the calls of the individual 
fanner. He did very little definite demonstration wf)rk. It has only 
been in the last few years that constructive thought has been given to 
the working out of definite county and state programs of extension. 
At i)resent, I do not know of any state where the extension workers 
do not feel that this first step is fundamental before any real progress 
can be made. 

vSccond, in finding a solution for the farmer’s ])roblem, the ex¬ 
tension worker usually finds it necessary to call into conference the 
scientists of his own institution and of the United Slates Dcj)artment 
of Agriculture, and the leaders of agriculture and the thinking farm¬ 
ers in the state. The farmer’s view point is valuable and necessary. 
The United SUite Dei)artmcnt of Agriculture can lielp, espec’ially 
with problems of more than state-wide imi>ortanee, but the ex- 
teiivsion workers of a state must look jirimarily to their ouai institution 
for guidance. 

Third, there is the demonstrating of the solution of the problem. 
Probably no phase of extension work has been more under discussion 
than the quCvStion of demonstrations, as to what is a demonstration, 
how it should be earned on, how many should l)e conducted in a 
county and the length of time the demonstration should be continued. 
It is coming to be recognized, however, that single practice demo- 
strations are more generally succesvsful than comiilicatcd demon¬ 
strations. 1'hese can be put on with very little epxense to the farmer, 
with vert^ little disarrangement of his farm work, and are easily 
tuiderstood by himself and his neighbors. (Concerning the question of 
how many demonstrations should be conducted in the (‘ounty, we are 
finding that in really successful exteiLsion work the agents are stri\dng 
to put on enough demonstrations to make them easily available to all 
farmers in the county One or two demonstrations in a county 
usually mean nothing at all in modifying farm ]n’actice. In the 
same connection, we are finding there is a very definite limit to the 
length of time a demonstration should be carried on. It is easily 
possible to carry a demonstration to the place where it means nothing 
to the farmers, because it has lost its novelty and its ability to attract 
their attention and rhodify their farm practice. 

Fourth, the last step in extension work is the one that is perhaps 
least understood, and yet is just as important as the other three, 
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namely, securing adoption of the practice by tlie farmers, called by 
whatever term w^e wisli to use. For lack of a l)etter one, i will use the 
term “selling the ];ractiee ” Probably no f)ther one thin^ has been re¬ 
sponsible for a t"i'<^*ater number of failures in extension work than 
ne^lectin^:^ this ])art (^f tlie extension jjro^^Tam. At first thouj^dit it 
would seem that if a practice is ])rofjtab]e, easily followed and easily 
adapted to the ^('neral ])ractice of the community, the farmers 
will adopt it without any undue ]>ressure. This, however, does not 
seem to be the ease. The real measure of exienstou leork is 7 tot how 
many dononstratums an a^ent puts on in his county, but how nuuiy 
farmers he is able to reach and to y^ct them to adopt the practices he has 
de 7 n oust rated. 

Jt may be said that “selling the })ractice” to the farmer is be^Tmd 
the scope of the extension worker, that this should be left to the 
commercial inttTcsts, but we are fmdin,t^ lhat unless the extension 
worker, whether in the county or in the state, hel].)s to make easily 
available the material for puttm<.( into practice the things demon¬ 
strated only a vctv limited numb(*r of farmers will adopt the jiractice. 

I have in mind a count\ in New* lingland I)air\ hvy is the ‘jirinciple 
source of farm income and the foundation of jirofitable dairyin^^ is to 
produce as lar^e an amount of home ^rcAvn feed as jiossible, es¬ 
pecially rouKliajj:e Yet a study of this county indicates that there is 
less than 700 acres of all le<;ume hay .crown in that county out of a 
total of 71,000 acres of hay and forage. The county a^ent in that 
county has been demonstralinj^^ alfalfa, sweet clover, soy beans and 
common red ('lover, and >et there has been no increase in acrea^a', in 
some of these things an actual decrease. The problem is that they 
cannot successfully ).^row Icf^mmcs without limestone and limestone de¬ 
livered at the farmer’s sidiny vill cost from Sio to {^15 ])er ton. 
The farmers belie\*e in limestone, but after six years of demon¬ 
stration WTirk only thirty-five farmers in that county are usin^q; lime 
simply because they feel that they cannot afford to buy it. Yet 
almost every farmer in that county has an outcrop of limestone 
sc’imewhere in his fields or pastures. The solution of that problem 
would seem to be developing local sources of lime and in this w^ay 
increase the acreage in legume forage and decrease their annual feed 
bill, which amounts to almost three quarters of a million dollars. 
To show^ the results of making it easy to follow' the recommended 
practice, I wash to cite the experience in a Middle West dairy county. 
For years the farmers of this county have been buying feed, and al¬ 
most no alfalfa or other legumes W'ere grown. The amount of lime¬ 
stone used annually w^as from 100 to 150 tons. In 1920, an enter- 
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prising extension man developed four or five local quarries with 
portable crpshers. As a result, in 1921, more than 2,300 tons of 
limestone was ground and used in that county; and in 1922, more 
than 3,700 tons, and the acreage of alfalfa, in 1922, increased by more 
than 1,500 acres*. 

There are many other instances that I could cite to show that it is 
just as important to insure ample supply of material, whether it be 
better seed, limestone or purebred cattle, as it is to demonstrate the 
value of these things 

In collecting material for this discussion, after considerable study, 
it was decided that the only way to get an answer to this question was 
by a study of the work from the time it originated until the present, 
endeavoring to obtain as accurate a measure of definite results as 
possible. In making this study, I have included thirteen states 
from V'^ermont in the east to Alabama in the south and Oregon in 
the west. 1 have with me charts outlining the results of detailed 
study of both the agrone my work covering soils and crops and the 
livestock work in one or more counties fn m each of these states. 
Time will not permit a detailed discussion c f each r{ these charts. I 
will, however, present a few examples to sliow that when the four 
fundamental steps in extension work have been properly followed the 
work has been reasonably successful. 

Results of Agricultural Extension Work in Certain Counties 
County A.—A dairy county with 80,259 dairy cattle and dairy j)rodu('t.s valued 


at $6,806,719, according to the 1920 ccnvsus. 

ff 

In 1914 


In 1923 

Acres clover grown 

. 20 


30,000 

Tons limestone usc'd 

50 


3,600 

Acres pastures imjiroved 

15 


400 

Farms growing corn for silage 

c 


215 

Acres silage corn grown 

40 


1,860 

County B. —A Black Belt Cotton Countv . 


In 1913 

In 1917 

In IQ25 

Cotton Standardization 

Number of farms .... 


50 

300 

Acreage involved . . , .... 


234 

1,500 

Green Manuring for Sfiil Improvement 

Velvet beans. No. of farms. 


80 

200 

Acreage . . . . 


2635 

4,000 

Hairy vetch, No. of farms. 


2 

260 

Acreage .... . 


12 

?* 

*(80,000 pounds of seed used). 

Dairy Feed Produced 

Oats. ' ., . . 

. (Importing) (Surplus for sale) 

Corn, bu. improved seed used . 


14 

1,200 

Alfalfa, No, of farms. 

0 

9 

112 

Acreages . 

0 

150 

300 

Silos in county . . . . . 

I 

129 
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Dairy Herd Improvement. 

In 1914, butter and milk imfiorted. 

In 1923, county has 175 })ure bred bulls, 1,500 pure bred cows, 2 creameries 
and 4 cream stations. 

Beef Cattle Improvement. 

In 1914, no i)ure bred cattle in county. 

In 1923, county has 150 pure bred bulls and 650 pure bred cows. 

Live Stock Disease ICradication. 

In 1923, cattle ticks (‘ompletely eradicated. 

In 191H, tuberculosis eradication started. 

In 1922, 0.5Vr reactors. 

In 1923, no reactors. 

County C. “A Tyj)ical Corn Belt County 

Alfalfa grown, No. of farms 
AiTcage 

Sweet clover grown, \o. of farms 
Acreage 

Soybeans gn)vin. No. c)f farms 
Act cage 

Limcslonc used, tons 
Orcen inannnng, No of farms 
Ac'rcs 

Ilcsvsuin fly ('ontrol, Ncj of farms (1919). 

Acres. 

Imtirovcd fc'cdmg in practice, farms 
I’onltr} flocks culled 
.N'lodern poultry houses 


CorNI\ I).- A Typical Range County 


Acres alfalfa grown 

In 1913 

In 1923 

0 

70,000 

Acics sw(H"t clover grown 

0 

70,000 

C^orn grown 

0 


Silo.s in use 

0 

3 C 

Acres wh(‘al sown with imtiroved seed 

0 

25,000 

Insect control, No of farms 

8 

1,200 

Acreage 

100 

150,000 


In making this study, I confined myself to the teaching phases of 
extension work, as I feel that the fundamental duty of an extension 
worker is to teach. As stated clearly in the original Fmith-Lcver 
Act. “lie sliould teach means of demon.strations, established 
bids or practices to farmers and farm women on their farms ” I 
recognize that there are other things that are perhaps necessary; 
but if the extension work is to succeed we must keep in mind the 
foundation upon which it is built. 

In preparing thcvse charts, I have endeavored to bring out .that 
where the four fundamental steps (as outlined in the beginning of this 
paper) have been followed, the work has been reasonably successful. 
Very little of it has reached all of the farmers of any county; Imt we 
must keep in mind that there are only a limited number of the people 
who are ready and willing to accept new practices that are demon¬ 
strated for them, that the majority of the people are so constituted 


In 1917 In 1923 

.3 

500 

22 

2,000 

3 

151 

28 

5*510 

15 

1,500 

150 

4,200 

5tK) 

4, OCX) 

? 

125 

300 

13,000 

50 

(IQ 22 ) 125 

2,500 

(l 922 )lO,(X )0 

4 

309 

0 

400 

0 

120 
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that they will make chanp^es slowly and do this more from imitating 
their more ])rogressive neighbors than from following the teachings 
of the extension ser\dce directly. It is probably better that changes 
should take place slowly, for othenvise a stable agriculture might be 
endangered by too rapid modification of farm iiractices. 

The figures I have given you have all been gathered from the 
view point of the extension worker, secured in most jiart from annual 
rejiorts of county agricultural agents. During the past season 
two studies have been made which deal with this problem from the 
angle of the farmer and the farmer’s wife, one in a county in a middle 
western state, where the extension work has been in progress six 
years, and one in a county in one of the eastern states, where the 
work has been in jirogress eight years. These studies have brought 
out the fact that of all the people interviewed seventy-one percent 
report that they were following some farm ])ractice coming to them 
through the extension ser\dce, and when we include both the farm 
and home this figure is increased to seventy-eight percent. This 
indicates to me that the extension agents have been cc‘>nser\''ative in 
the figures I was able to get in prejxiring my own charts. Although 
w^e perhaps should assume that the counties studied were above the 
average, I believe that we are justified in feeling that, from the stand¬ 
point of both the extension worker and the farmer, the latter are 
following the practices demonstrated to them by the extension worker. 

In closing I wish to express my belief regarding the value of the 
work of the scientist to the extension ])rogram. A .study of my 
charts will show clearly the need of a more definite long-time program 
than many of the states have as yet developed. vSuch a program 
wShould take into accoimt natural economic changes that must and 
will take place and .should be (me that, under normal conditions, would 
be reasonably sound for many years to come. vSueh a program will 
bring in new jiroblems that must be solved, and in solving them the 
extension worker must look to the scientist. Perhaps many of these 
problems will not be pressing for years to come, and yet it is im¬ 
portant when that time does come that they can turn to you for a 
definite solution for their vexing problems. I believe that extension 
work can never succeed as it should in any state without the hearty 
cooperation and assistance of the scientists at the colleges, the 
experiment stations, and the United States Department of 
Agriculture. Their work is the only foundation we have for a safe 
and conservative ektension program. 



4. THE COMPARATIVE VALUE OF FIELD DEMONSTRATIONS 
AND OTHER EXTENSION METHODS IN AGRONOMY^ 

H. R. vS(TMNER“ 

A very sij^^nificant fact has been indicated when rme-fourth of the 
pro^Tam at the sixteenth annual meeting of this Society is devoted to 
a discussion of extension work in agronomy. This interest is the 
culmination of a gradual revolution in extension methods during the 
])ast few years. The methods have been changed and revised and 
improved until at ])resent the extension j}roject bids fair to su])})lant, 
to a certain extent, the old type of farmer’s institute and extension 
school. 

An extension project is a completely outlined program of ex¬ 
tension work conducted throughout the entire year or a period of 
years. A successful extension ]urogram should be thorough and 
comprehensive For examjde, if the f)roject is one dealing with pure 
seed, then the campaign should include all the factors necessary 
in demonstrating the worth of pure seed 

1x1 a well organized ])roject the ])roblem is outlined; the method of 
j)i'ocedurc illustrated; jxrovision made for making the gained infor¬ 
mation available; and, finalh', the niunber of farmers who have 
followed the recommended jiractice is ascertained. vSuch a program 
might be executed thi'oxigh the use of general meetings, farm visits, 
field demonstrations, subject matter or follow-up letters, demon¬ 
stration reports, and general jiublicity. 

As an extensi(ni worker understands the term, a project, in a 
certain sense, is an expex'iment designed to establish a fact which is 
well known to the extexision workers, but not recognized as such by 
the fanner. Quite often the farmers are ske])tical and, in their minds, 
the project is strictly e\])erimental The farmer must be convinced 
tliat the j)ractice in question is the best one to follow. Therefore, 
the extension worker fnitlines the project with the ex]>ress idea of 
proving the fact to the satisfaction of the farmer. 

A project in bindweed eradication will illustrate this point. The 
bindweed is a serious pest in portions of Kansas. A bindweed eradi¬ 
cation project has been outlined and a county-wide campaign has 
been inaugurated in several counties. The control methods are 
based upon several years of experimental work at the Fort Hays 

^Paper read as a part of the .sym|)Osium on “Extension Work in Agronomy" at 
the meeting of the Society held in Chicago, III., November 13, 1923. 

^Extension Agronomist, Kansas State Agricultural College, Manhattan, Kan. 
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branch experiment station. The project is very simple. 11 is centered 
around a demonstration field which is placed in every community 
and on this field the farmer or demonstrator practices the necessary 
cultural methods. It is fairly certain that the weed can be eradicated 
if the directions are properly carried out; but it has never been done 
in this county before and hence, so far as the community is concerned, 
it is an experiment. 

A field demonstration is a definite part, or unit, of an extension 
project. In this paper, a field demonstration will be considered in the 
light of its most recent interpretation and will be regarded as a single 
incident within the project. Any practical illustration of the value of 
a farm practice or of the methods employed in bringing about that 
practice is a field demonstration. 

It is difficult to compare a strictly field demonstration and other 
types of extension work, because it is part only of a carefully i)lanned 
project. In many cases it is merely incidental, and the chief point of 
attraction may be centered around a seed exchange day or an ex¬ 
tensive auto tour. The field demonstration also may be used to 
create interest in the project or it may be utilized to summarize the 
year’s results. But no matter how the field demonstration is used it 
is definitely interlaced with the other methods in the main j^roject. 
That is the reason it is so difficult to compare the various methods 
used in extension work, they are all so dependent ui)on each other. 

The field demonstration repiesents pcrhaj)s the most essential 
feature of effective extension methods. General subject matter 
meetings are necessary to a certain limited extent, during the winter 
months. Such meetings are used to inform the community of the 
project which is to be .studied or of the results which have been se¬ 
cured in previous years. Personal or form letters dealing with the 
subject matter taken up at such meetings have been found to be 
rather effective substitutes for the general meetings. vSuch letters 
can be depended u])on to hold the community interest. They, also, 
provide for the necessary follow-up, which is an absolutely essential 
element in any well organized project. Seed exchange days, auto 
tours, special truck exhibits, are all near relatives of the field demon¬ 
stration. The field dememstration appears in many varied forms, 
depending upon the conditions under which the project is being con¬ 
ducted. However, it is easily the most effective extension method, 
for it teaches by means of the eye, by an actual performance record. 

Nevertheless, a' single field demonstration dealing with some 
subject which is not interwoven in an organized project fails to 
yield maximum returns. The community should be properly pre- 
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pared for the facts which are to be brought out in the demonvStration. 
Later, an efficient follow-up is necessary in order to determine the 
number of farmers in the community who were benefited by the ad¬ 
vised practice. The folknv-up method also serves as an added in¬ 
centive to those who hesitate to accept the new practice. 

h''or example, a smut treating:: demonstration is held in western 
Kansas. It is a field demonstration of the various methods used in 
treatin^^ seed for smut. The audience is instructed in the means of 
treatinj^ seed for smut, but may not be convinced that smut is thereby 
exterminated. Hence, such a demonstration should at least be 
followed with an auto tour to several farms where the smut treat¬ 
ment has been used and contrasted with fields sown with non- 
treated seed. 

Perhaps one of the j^reatest, as well as a most common fault wdth 
field demonstrations, is that those who are to be benefited are not 
given an oj)portunity to take an active part and so made to feel that 
it is their ex[)eriment A worker who calls a faim meeting, tells 
something of the life histf)ry of smut, treats a peck Scunple of seed 
and then leaves with the parting admonition, “Do as I have done and 
you will have no more smut” is neglecting an o])portunit^^ 

Some very convincing field demonstrations were held in Montana 
two summers ago in connection with a campaign in favor of a home¬ 
made tillage implement and summer fallow. The farmers were 
called together by the coimty agent, who gave a ten-minute talk re¬ 
garding the features to consider in choosing a machine suitable for 
their conditions. A doyen or fifteen fanners had brought their 
machines and immediate'ly started operaticni in the field where the 
meeting had been held. For two hours the crowd followed and in¬ 
spected the work of the implements. This demonstration w^as 
doubly effective, because it was done by the farmers themselves. 
A casual observer would have concluded that the demonstration was 
of the farmers’ own volitif)n 

This fall, in a mirthem Kansas county, a com type and strain 
field day was held. It was a part of an organized com improvement 
I)roject started in the spring of 1923. Because of subject matter, 
letters, and other effective forms of publicity, all of the fanners in 
this coimty were aware of the fact that the fann bureau was making 
an effort to find the most desirable tyjie and strain of com. Fifty- 
two farmers were actively interested because their strains were under 
test, and many more were watching the work because it was their 
neighbors com that was being tested. Still others were noticing the 
tests because seed from the local seed com enthusiast, from whom 
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they frequently bought seed, was under trial. The plots were all 
harvested and yields determined by those who attended the meeting. 
It was a profitable meeting because: first, the demonstration was 
divStinctly localized and of intense county interest; second, all under¬ 
stood what information they sought to obtain; and third, the farmers 
performed practically all of the work of the demonstration. 

In that fashion the initial year of this project was summarized. 
The data secured will, of course, be further tabulated and reported 
through the local press. 

The following outline further illustrates the relationship between 
the field demonstration and the other links in the project chain: 

BINDWEED EI^ADICATION PROJECT 

FIRST YKAR 

1. The project is outlined before the county agent and his executive board. 

2. Winter meetings. The demonstrators are selected at these meetings. 

3. Follow-up or subject matter letters are sent to those interested. 

4. P’'ield demonstrations are held m the early spring. 

5. FollnW'-up or subject matter letters are s(‘nt to the demonstrators. 

6. Auto tour. A report is given by each demonstrator. 

7. A report of the first year’s results is pre.sented at the annual farm bureau 

meeting, county fair or in the local press. 

SECOND YEAR 

1. A check is made on all who practiced control measures in the first year. 

2. Extension methods are the .same us for the first year. 

3. All new demonstrators are given extra attention. 

‘ THIRD YEAR 

1. The basis of two years local work is used to make the eradication campaign 
100 percent effective. 

2. General jiublicity work is given more attention. 

3. Final rejiort of project. 

The types of demonstrations and the method of conducting ex¬ 
tension work may, and necessarily must, yary considerabl\^ Any 
one method without further reference to the other phases of the 
project is only half effective. A field demonstration is only half 
efficient if it is used without other support. However, by means of a 
well organized project, properly followed through, an agronomic 
extension program may be successfully completed. 



5. THE EDUCATIONAL SERVICE OF OUTLYING 
EXPERIMENT FIELDS IN AGRONOMY^ 

F. C. Bauer* 

An important feature of agricultural extension service is the dis¬ 
semination of exi)eriment station findin^^s in such a manner as to en¬ 
courage the adoption of them on the farms oi the state as rapidly as 
conditions will warrant. A valued and wndely used method in this 
service is the field, or fann, demonstration. Here, the farmer has an 
opportunity to see the results of the practice being recommended and 
to com])are it with others not so useful or imjiortant. In the field of 
agronomy, and es])ecially along the line of soils, there is more or less 
difficulty in carrying such projects to a successful conclusion. This 
is due primarily to the fact that those farm practices which deal with 
the soil and that are of lasting permcinent value, cannot be demon¬ 
strated successfully in a single year's time. Such projects must be 
planned on a long-time program and confined to the same area of 
land. 

vSince the essential combinations for well planned demonstrations 
of this cheiracter are difficult to find, it becomes necessary" to supple¬ 
ment them with existing material wherever ])ossible. Such material 
may be found on the outlying experiment fields of the experiment 
vStation and on famis. Often times, however, that material which 
ma>^ be found on fcirms is more or less fragmentary and docs not pro¬ 
vide suitable contrasts to emphasize the lessons needed. The experi¬ 
ment fields, ()n the other hand, are well su])plied with contrasted 
treatments and practices, and, in addition, they have the advantage of 
careful and exacting sujiervdsion, a condition wliich makes their 
results more reliable and the conclusions drawn from them more 
accurate. The chief disadvantage in the use of experiment fields for 
this purpose is their limited number and the consequent difficulty in 
ap]3lying specifically the lessons which they teach to a large territory. 
In spite of this difficulty, however, if the experiment fields arc given 
the proper juildicity thru demonstration meetings, and otherwise, 
they will ser\x to emphasize the fimdamental farm practices and to 
point out to farmers specific problems which they should investigate 
for themselves. For this reason extension teaching in agronomy, and 
especially in soils, should make all possible use of outlying experiment 

iPaper read as a ])art of the symposium on “Extension Work in Agronomy’* 
at the meeting of the Society held in Chicago, Ill., November 13, 1923. 

^Professor of Soils Extension, University of Illinois, Urbana, Ill. 


32s 



326 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

fields. In Illinois, the outlyin^^ experiment fields have been used 
widely for this purpose and the discussion which follows will be 
limited entirely to this use of them. 

Their Adaptability to Demonstration 

During the course of its agronomic investigations the Illinois 
agricultural experiment station has conducted experiments on 
fifty-four outlying fields. These fields have been CvStablished in all 
sections of the state, on soils ranging from deep peat to dune sand. 
From time to time, it has been found neceswsary to discontinue some of 
them and occasionally new ones have been added. Thirty-eight of 
these fields are still in operation, Ihree of them being devoted primarily 
to crop investigations and the others primarily to soil problems. 
Crop records are available for these fields over periods ranging from 
four to twenty-two years. Twelve distinct .soil types, some in dificr- 
ent glaciations or soil prcAdnces, are represented rn these fields. 
Nearly three quarters of them are located vn three soil types w’hich are 
representative (T large s(nl regie ns in the state, nam.ely. the se repre¬ 
senting the typical coin belt and the less productive regi( ns in the 
southern third of the state. 

The average outlying soil expciiment field in Illinois contains about 
tw’cnty acres of land, while the crop fields are about tAvice tliat si^.e. 
The land on these fields is divided into series to corres])ond to the 
different fields upon a farm. Fach .series is sub-divided into smaller 
areas, usually fifth-acie plots, W’bich receive different soil treatn:cnts 
in both livestock aT;d grain systems of faim.ing. Tntrc'ated plots arc 
maintained as c^hecks, in older to detcimine the ellect of each soil 
treatmient applied. C'n the fields nf^w- being o])crated, m.ore than one 
hmidred different treatmients arc used. Half-rod strips sei^arate each 
plot and at least two rod strips sejjarate one series frem another, 
thus giving ample space to conduct the various operations necessary 
and for inspection. Cn many of the fields, there is also sufficient land 
available fc^r system.s of minor plots on which problems of special 
interest may be studied. 

Crops are grown upon these fields in definite rotations. On some 
fields, two or more rotations are being tried. There arc usually a 
sufficient number of series so that each crop in the main rotation at 
least, and often those of the minor rotation, may be represented each 
year. Cn the fields thiit are now being operated over the state, 
fourteen different crops are grow n in thirty-nine rotation combinations. 

Considering the outlying agronomy experiment fields from the 
standpoint of location, physical arrangement and the contrasts 
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that may be seen and compared on each individually and amongst 
each other, it appears that they should be well adapted for educational 
service amon^ the farmers of the state. As an actual matter of fact, 
they have lonj:^ been used to a greater or less extent for such purposes. 

Tup Extent of Their Present Use in Demonstr ations 

Altho most of the outlying agronomy fields in Illinois were es¬ 
tablished before the advent of the farm bureau, most of them are in 
counties having such an organization. For the most ])art, farm 
advisors are active in creating a demand for the use of these fields for 
demonstration purposes, tho in some instances the interest of the 
farm adviser is somewhat negative. In the unorganized counties, the 
interest in the d cm oust rational value of these fields is somewhat less. 
This is due in part, no doubt, to a less effective publicity in these 
counties In those sections of the state where soil problems are more 
or less acute, there is a large demand for demonstration meetings at 
the readily accessible fields In other sections of the state, tho the 
demand is not so keen for such meetings, more or less interest can be 
created by planning and holding them and much good evidently 
comes from them. It has become the custom, therefore, for the 
University to devote some time each year to planning and holding 
timely demonstration meetings at various outlying fields when con¬ 
ditions arc favorable for them 

^rhese meetings are usually planned with one of three purposes in 
mind, namely to meet the local demand for o])portunity to watch 
and study the field, to keep those in the natural environment of the 
field in touch with the ])rogress being made; and to extend the results 
obtained and their imjiortance to agriculture in general over a large 
territory. 

Few plans are made for the local meetings. These are usually held 
when the University field man is at the field to harvest crops or look 
after other essential work and those in attendance are grou])S from the 
local community. Some times these groups may be a class of boys in 
\^ocational agriculture, or they may be a grouj) of farmers whom the 
farm adviser has c'alled together to study the results of a harv^est 
being made, or the effect of winter and treatments on winter grain or 
legumes and other such problems. The groups of people at these 
meetings are usually small in number, but are greatly interested in 
the work. 

The demonstration meetings held for those within the natural 
environment of the field are planned with more care. Usually an 
af tenioon is devoted to such a meeting. Publicity is given the event 
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thru the farm bureau organizations concerned and in local news¬ 
papers. Such meetings are held at a field, cither in the spring as early 
as the weather will permit, or during the summer and early fall. 
The spring meetings are usually devoted to a study of the sweet 
clover growing on the field to be used as a green manure for com. 
The summer and fall meetings are devoted to an inspection of the 
crops growing at that time and a study of the general results obtained 
from the field. Because of the weather hazard, no special jireparations 
are usually made on the field for the sj^ring meeting. For the summer 
and fall meetings, exhibits of various sorts are often arranged to 
show graphically the results obtained u])on the field along with the 
results from other fields somewhat 'Similar in character, as well as 
exhibits to visualize some of the fundamental problems in soil im¬ 
provement. These exhibits are studied more or less carefully l)y the 
farmers and have come to be regarded as an important part of many of 
these demonstrations. At these meetings, the famiers are given time 
to study the field and the exhibits with guides, after which they are 
assembled for a speaking program of one or more talks, in which 
emphasis is placed on the important lessons tc; be learned and in which 
an attempt is made to “drive home” the lessons desired. The 
farmers are ahvays given opportunity fi->r questions and discussion. 
Often times this part of the program has been one of the most valuable 
parts of the demonstration. This type of meeting constitutes the 
more common form of demonstration meetings at the outKang 
agronomy experiment fields. 

During the jjast fow }'ears, from one to three all-day field demon¬ 
strations have been put on each season. This ty})c of meeting is 
quite similar to the half-day meeting, except that it is planned on a 
larger scale. In.stead of confining the demonstration entirely io soil 
problems, the problems of the farm as a whole are kept in mind. 
Such a demonstration calls for the cooperation of the various ex¬ 
tension specialists. The result of it is the presentation to the farmer of 
a unified program on closely related farm activities. 

The genenil plan for these meetings is to spend the morning at the 
field. As soon as the farmers arrive they are conducted about by 
competent guides. On this tour, they inspect the crops and study 
the differences between the differently treated plots; they inspect 
the numerous exhibits that have been arranged under the direction of 
various extension .specialists for their study; they listen to the ex¬ 
planations which the guide makes of the things which they see and 
they enter into discussions amongst themselves and with the guide on 
the problems presented to them. After lunch, the visitors are assem- 
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It 

bled in a comfortable place for the pro^am, wihch occupies the fore 
part of the aftemoon. At this time, the various extension specialists, 
and sometimes representatives of the various subject matter de¬ 
partments of the University, present and emphasize the essential 
features of their respective lines for that section of the state. Thus, 
the farmers have iiresentcd to them the important soil, crop, live¬ 
stock, insect, horticultural and other problems characteristic of their 
section of the state. Sometimes, if the chief interests of the section in 
which the meeting is held is more or less specialized, more emphasis is 
put on these problems than on the complete program. Thus, in • 
some of these demons!ratifms, the program has been confined to 
soils, dairying, and ijoultry In others, horticulture has been in¬ 
cluded. 

After the formal ])rogram, the visitors are allowed to separate into 
grou])S of their choice, for further demonstration and conference. 
Here they may take furtlier opportunity to study the experiment 
field or the\' may watch a cow-judging demonstration, a ])oultr}^- 
culling or ca])onizing demonstration, or enter into conference with a 
s])ccia]ist on the ])roblems of more or less concern to them. 

Altho such demonstrations are somewhat in the nature of a picnic or 
social gathering, the farmers are brought together for specific edu¬ 
cational pur])oses. Their attention is focused directly on their 
agricultural ]>robleins. No outside forms of entertainment arc 
allowed to interfere with the jnirpose of these meetings. No farmer 
can attend one of these meetings and not take away something 
that will be of \'alue to him. Altho it requires .some effort to plan 
and stage a demon.stration meeting of this character, the returns 
a])])ear to be justified and warrant a continuation of this type of 
meeting. 

During the past three years one hundred and fourteen demonstra¬ 
tion meetings have been held on the thirty-eight outlying soil and 
crop experiment fields in Illinois This is at the rate of exaictly one for 
each field each year. The actual distribution of these meetings is 
not, however, ejuite as regular as the above figures indicate. During 
the three years in question, there were four fields on which no demon¬ 
strations were held. There were three fields on which only one demon¬ 
stration was held, eight fields with two demonstrations, nine fields 
wfith three demonstrations, eight fields with four demonstrations, two 
fields with five demonstrations, three fields with six demonstrations, 
and one field with eight demonstrations. It is thus apparent that 
some of these fields, for some reason or another, have not been utilized 
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extensively for demonstration purposes, while others of them have 
been used repeatedly. 

Among the various factors explaining the variation in the use of 
the outlying experiment fields for demonstration may be mentioned 
accessibility, energetic farm advisers, the general attitude of the 
farmers, and the usability of the results obtained from the field. 
Of the four fields on which no demonstrations were held during the 
past three years, inaccessibility was a factor with two of them; 
while with the other t'wo the lack of consistent results due to soil 
variations was chiefly responsible. The large number of demon¬ 
strations on some of the fields was due no doubt in large part to 
ambitious farm advisers and the favorable attitude of the farmers. 
In some instances, where there is little or no local interest in a field 
even tho it is yielding some ver}^ good results, good demonstrations 
have been held by inviting farmers frrm outside the immediate 
community to attend. 

The attendance at demonstratum meetings is more or less variable. 
The chief factors concerned here arc the weather, the season, the 
interest of the farmer, and the ty])e of meeting held. The local 
meetings, of course, are attended by onh^ small groups. The half¬ 
day m.eetings are usually attended by numbers ranging from fifty 
to five hundred, and the all-day meetings by numbers ranging from 
five htmdred to fifteen hundred. The meetings that are largely 
attended are UvSually made up of farmers from several counties In 
one of the well-attended all-day meetings visit(;rs were jmesent fnun 
more than twx*nty counties. The weather and pressure of farm work 
are probably the most important factors in the matter of attendance 

The Effect of This Use on Their Efficiency in Iwestigaiion 

Altho the outlying agronomy experiment fields have been used to 
considerable extent for demonstration purp(3ses, they have ne\'er 
been used to such an extent that their efficiency in iiivCvStigation has 
been impaired. No undue amount of time* has been required from 
those who look after the details of the experimental work. The 
arrangement of the fields have made it eavsy t('> handle the visitors 
without interfering in any way with the various plots or the work 
going on. No doubt, a still greater use of these fields for demon¬ 
stration purposes can be made without interfering with their in¬ 
vestigational value. 

On the other haiid, the use of the exiieriment fields for demon¬ 
strations has probably been of a distinct value to them from the 
standpoint of investigation. At such meetings those in charge of the 
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investigations have been brought in close contact with farmers 
whose agronomic programs are in various stages of development. 
The questions, discussions, and experiences of the farmers, as brought 
out at the meetings, have been of considerable value in shaping and 
maintaining many practical aspects of the investigations. Thru 
such contacts with the farmer, the new problems of jjractical sig¬ 
nificance that are likely to arise from time to time will be more 
quickly and definitely emiihasized. In general, it is more likely 
that the use of exjjerimcnt fields fur demonstration purposes will 
add to their investigational value as a whole rather than detract 
from it. 

Frf)m this brief review of the Illimns agronomy exi)criment fields, it 
may be concluded that these fields, in general, are ada])ted to educa¬ 
tional seivice thin dememstration and that such a use of them is not 
like’v to iniy)air their efficiency in investigation. The wide use of 
them for demonstration has made them exceedingly u.seful in ex¬ 
tending agnmcmic information among the farmers of the state, and 
has undoubtedly contributed to simie extent to their value as in¬ 
vestigational fields 


6. OPPORTUNITIES FOR SELF-IMPROVEMENT WHICH 
SHOULD BE OFFERED THE AGRONOMY SPECIALIST’ 

E. L. WOKTHKN- 

Thc agronomy extension specialist occupies a comparatively 
newly established field, of which neither the boundaries nor the re¬ 
sponsibilities have been definitely determined. In some instances, 
he is primarily an extension worker, well grounded in agronomy and 
giving first th(.ught to agnuKuny subject matttT in his extension 
activities. In cither cases, he is first (^f all an agronomist w'ho de¬ 
votes the greater part of his time to extension teaching in his chowsen 
field of subject-matter. Under the former condition, he would be 
looked u])on first as an extcnsicai worker rather than an agroncunist; 
while under the latter, as an agronomist specializing in a particular 
agronomic field. In either case, he would have more difficulty in 
keeping strictly iqi-to-d^ite in subject-matter than either the re¬ 
search agronomist or the resident teacher. There certainly is, of 
necessity, a greater tendency for him to neglect subject-matter when 
not associated with his subject-matter department. 

^Paper read as a part of the symposium on “Extension Work in Agronomy” 
at the meeting of the Society held in Chieago, Ill., November 13, 1923. 

^Extension Professor of Agronomy, Cornell University, Ithaca, New York. 
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It will be my purpose to emphasize the dire need on the part of the 
agronomist doing extension teaching, of having the opportunity of 
self-improvement in his subject-matter. As a group of agronomy 
workers, we should appreciate keenly that those among us who are 
devoting their energies to extension activities are surrounded by 
much less favorable conditions for study than are those engaged in 
rCvSearch or in resident teaching. The possible exception to this state¬ 
ment is the soil survey worker, who, like the extension teacher, is 
handicapped by his environment. Jt should be the concern of all to 
make more easily possible for those among us who are devoting a 
considerable proportion of time to outside work to keep up in subject- 
matter. 

Prior to the passage of the Smith-Lever Act, the extension work of 
the agronomy departments was done jointly by those engaged in 
research and in resident teaching. In fact, the need of subject- 
matter specialists was not fully appreciated in the early develop¬ 
ment of our present extension organization. It was rather generally 
assumed that a county agent with a four->'ears college training in 
agriculture who, in addition, had practical farm experience, was 
adequately prepared to meet the needs of the agriculture of any indi¬ 
vidual coimty. The county agent was one of the first to recognize 
the need of subject-matter specialists. In the more progressive com¬ 
munities, the farmers themselves have been as prompt to demand the 
services of one who is especially trained and experienced in a par¬ 
ticular line, i6 advise them relative to their various special problems. 
The administrators of extension activities have, in many instances, 
apparently lagged in their full appreciation of the need of a strong 
corps of subject-matter specialists in the building of an efficient and 
permanent extension ])rogram for a state and for the nation at large. 

The agronomy extension specialist’s field should be a broad one. 
He cannot and should not be sim]>ly a second-hand teacher of sub¬ 
ject-matter furnished by the research or the resident teaching staffs. 
He must analyze the agricultural needs of the state and of the indi¬ 
vidual counties and develop comprehensive programs to meet their. 
needs. He must have broad aims for the future agronomic develop¬ 
ment of the state. The specialist should not be the type of man who is 
willing to be a hired field assistant in extension service doing second¬ 
hand teaching for a subject-matter department. 

If the extension, agronomist is to measure up to the responsibilities 
of his job, he must first of all be a well-trained agronomist. While he 
must have a keen interest in the application of agronomic information 
and sympathy for the fanner’s problems, he cannot neglect keeping 
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informed relative to the contributions which are constantly being 
made to the solution of our various soil and crop problems. 

The extension teacher must obviously spend considerable time in 
the field, though by no means as much as some would have us believe. 
He necessarily concerns himself with the immediate problem at hand 
and, in meeting it, depends on the stock of working knowledge and 
his best judgment in applying it. Neglect on the part of the ex¬ 
tension man to add ccmstantly to his working .supply of information 
would soon pnwe suicidal. New York farmers to-day would not be 
satisfied with an agronomy program based on the knowledge of ten 
years ago. Our agronomy extension teachers cannot long neglect 
subject-matter study; for, if they do, they will rapidly approach the 
old type institute workers in their methods, or as Director Christie 
well said at Washington last winter, “They may become assistants to 
the county agents.” 

Fubject-matter is fully as essential to the extension agronomist as it 
is to the resident teacher or the investigator in agronomy. His 
responsibilities should be fully equal to those of his associates in the 
other phases of agronomy work It is equally important that he be 
well ])repared in fundamental agronomic information, thoroughly 
familiar with the more recent exi)erimental data, experienced in 
teaching methods and fully captible of recommending adequate 
agroiKimic practices for the agriculture of his state. The research 
agronomist is ])nmarily intcTcsted in securing new information, the 
resident teacher in inslinoting college students in the fundamentals 
of sf)il managtmient and cto]) ]>roduction and the extension agronomy 
specialist in api)l\dng the same subject-matter to the agricultural 
Israel ices of the state 

Granting that the field of the agroncany specialist is a broad one 
and that the first reciuirement in measuring-up to the opportunity of 
this iield is kncAvledgc in .subject-matter, then we are ready to give 
consideratkai to the ])roblem as to h(Av the exteuvsion teacher may be 
kept alei t in subject-matter equally with the resident teacher and the 
researcli worker. 

First of all, he must be associated most intimately wdth others 
interested in agronc^m}’ The organisation of the agronomy work 
should make provision for this relationship between all workers, 
wdtether in research, resident or extension teaching. This associa¬ 
tion must consist of more than an occasional conference betwoen the 
various workers. The extension teacher in agronomy should feel 
that he is a part of his subject-matter department, functioning with 
the other members of that department. In short, he should be a 
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member of the department on equal footing with the resident teacher 
and the investigator. It is only under such environment that he can 
hope to find the most desirable conditions for self-improvement. 

Simply providing a type of organization in which the specialist is 
associated with the other agronomy workers is not in itself sufficient 
to enable him to give adequate attention to his personal advance¬ 
ment in subject-matter. Spending, as he so often does, the larger 
proportion of his time in the field, counterbalances to a considerable 
extent the advantages gained by this tj^pe of organization. He should 
be an integral part of the department and given definite responsibilites 
along with the other departmental workers in determining policies 
and programs for the department. The extension agronomy program 
should have the benefit of the judgment of the resident teacher and 
the investigator. In the same way the resident teaching and re¬ 
search should be influenced by the practical problems encountered by 
the extension agronomist. It is not too much to expect that the 
extension specialist should participate, when not j^aid solely on Smith- 
Lever funds, in either resident teaching or the more practical type of 
experimental work or even in both. A reavSonable amount of time 
devoted to either line of activity will do much to stimulate keen 
scientific interest in the recent developments made in agronomic 
problems. Any reasonable adjustment that may be made in organ¬ 
ization so as to give the extension agronomist some responsibility in 
teaching or experimental work will go a long ways in encouraging him 
in self-improvement. Further some such inducement will have to be 
offered in order to secure and retain the services of sufficiently ex¬ 
perienced agronomists to develop adequate state programs. 

There are certain definite provisions which may be made to enable 
the extension worker to take advantage of the opjjortunities im¬ 
mediately at hand for his self-imi)rovement. C'hief among these 
may be mentioned: (a) he should be encouraged to attend and par¬ 
ticipate in departmental seminar; (b) he should have a voice in 
outlining policies in departmental conferences; (c) sabbatic leave or 
other periods for study or writing should be granted the extension 
agronomist on exactly the same basis with the other departmental 
workers; (d) he should be encouraged to belong to scientific societies 
and where possible financial aid should be given for his attendance at 
their meetings. 

That agronomists engaged in extension teaching appreciate how 
essential it is for them to keep abreast of the times in subject-matter 
is evidenced by the following resolution passed unaminously by the 
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workers in the northeastern states at a conference held in Sprinj^- 
field, Mass., February, 1922: 

“The specialist should a])portion a considerable amount of his time 
to a study of the research work developed by his own station as well as 
other experimental institutions, even if this requires a curtailment of 
his efforts in other directions. “ 

In short then, as agronomists, we must be interested in all phases of 
the subject—technical research, the more ])ractical type of field 
experiments, and resident as well a extension teaching. The first 
requirement for an agronomist who devotes a considerable pro¬ 
portion of his time tr) extension teaching is that he function as a 
member of his subject-matter department. In addition, he should be 
on absolutely equal standing with his departmental co-workers in 
determining plans and policies of the department as a whole and 
should have equal oj^portunities wHh these assoctiaes for self-im¬ 
provement in subject-matter. 

7. THE SCIOTO COUNTY, OHIO, SOIL IMPROVEMENT 
PROGRAM, 1918-1923' 

W. F. Gahm= 

Having been raised on a farm in the adjoining county, Jackson, 
and having grappled with the soil problems there for many years, 
upon my arrival in Scioto Cc)unty, Ohio, as county agricultural 
agent in F(‘bruary, 1918, I realized that a real problem confronted 
me in the way of a soil impnwement ])rogram. 

AGRICULTUIML CONDITIONS OF THE COUNTY 
Topuokaphy 

In Scioto County, there is marked diversity in surface features, 
with a range from fairly wide river valleys, with only a few feet 
change in elevation for several miles, to rough hills with steep slopes, 
rising quite precipitoush^ to a height of 300 to 500 feet above the 
stream beds. 

The southern portion of the county is bordered by the Ohio 
River for a distance of 40 miles. The central part of the county is 
crossed by the Scioto River flowing south. These river valleys range 
from one-half mile to two miles in width. 

Beginning at the Ohio River near Wheelersburg, a point where the 

H^aper read as a part of the symposium on “Extension Work in Agronomy" 
at the meeting of the Society held in Chicago, Ill., November 13, 1923. 

^County Agent, Portsmouth, Ohio. 
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river flows almost due north, there extends thru the east central part 
of the county to the northeast a fairly level high plateau from one to 
three miles wide, known as the Kanauga River valley, which, in pre¬ 
glacial times, drained northward. 

The rest of the cc^unty may be described as consisting of a succession 
of hills and sharply winding ridges, separated by deep, narrow valleys. 
In practically all of the county west of the vSeioto River, the surface is 
sufficiently hilly to interfere very seriously with cultivation, and in 
fact, quite a large percenatge is so stee]j that cultivation ought not be 
attempted. The same is true of large areas just east of the vSeioto 
River and again on the eastern border of the county. Part of the 
county consists of rounded hills, with many small, comparatively 
level areas well suited to general farming, but the topograi)hy of quite 
a large portion of the county is such as to make it best suited to 
pasture and forestry. 

Soil Types 

The vSoil of the hill land is largely Dekalb silt loam, which is acid, 
low in all plant food elements, notably phosijliorus; but usually well 
drained and very responsive to good treatment. 

The soil of the finst bottom land is the Huntington silt loam, natural¬ 
ly very fertile, but sometimes slightly acid. 

The soil of the second bottom land belongs to the Tyler and I lolston 
series. The Tyler clay and clay loam have much the same character¬ 
istics as similar types of the DeKalb soils, excei)t that they are pf)orly 
drained and not as responsive to good treatment. The Holston clay 
is better drained and its productivity is more readily improved 
Types of AoRicia.TUKE 

With such a diversity in surface features and soil types, it is only 
natural to expect a similar diversity in types of farming. These in¬ 
clude general farming, orcharding, market gardening and livestock 
farming. The forest land (according to the 1920 census) amounts to 
122,059 acres, which is more than is in forest in any other county in 
the state. 

A study of the problem showed that little attention was given to the ' 
systematic improvement of the soil; that the yields of ordinary farm 
crops were low; that the carrying cai^acity of pasture land was far 
from being satisfactory; and that much of the land under cultivation 
was being badly eroded. 

' OUTLINING A SOIL PROGRAM 

The situation was difficult but one which could be remedied by a 
well-planned soil improvement program. The first big problem was to 
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get the farmers to realize the seriousness of the situation; the second, 
to have them know the remedies; and the third, to get these remedies 
put into practice. 

Statistics showed that less than 1,000 tons of limestone ])er year, 
and about 60 pounds of fertilizer per cro]i-acre per rotation were 
being used in the county. Only 2.6 percent of the cro])ped acres were 
growing legumes. Six acres of pasture land were needed for each 
unit of livestock kept. 

The soil program, then, must be of such a nature as to bring about: 
first, the use of more limestone; second, the application of more fertil¬ 
izer of the right kind; third, the introduction of better crop rotations 
including the growth of larger acreages of legumes; and fourth, the 
rejuvenatioh of ])ermanent pastures. Along with this ])rogram 
naturally gcjcs the better care of manure and the use of more tile on 
some types of soil, ])articularly in the Tyler clay. 

1918 

Realizing that demonstration is the most effective method of 
teaching, our first step was to arrange for fertilizer, limestone, and 
legume demonstrations in different sections of the c(')unty as cptickly 
as possible. Following this, it was our plan to hold field meetings 
where results might be ol)served and discu.ssed. 

Believing that a knowledge of the facts as related to their own 
farms is one of the most effective means of getting fanners to realize 
their needs, in the spring of ic)i8 we asked seventy farmers to keep 
records of their farm business, in coo})eration with R, F. Taber, 
farm management extension specialist As a ])art of these records, 
there were some facts bearing on the fertility' problem. While this 
method does not bring quick results, it is a means of gathering material 
that is valuable in fonnulating a long-time soil improvement pro¬ 
gram, fundamental to permanent agriculture. 

In order to arouse interest and to get some rather definite results 
quickly, we began to hold meetings thruout the county discussing the 
situation and the soil problems involved, with sj^ecial emphasis on the 
need of limestone and the use of more commercial fertilizer, with such 
brief mention of clover, particularly sweet clover, as would naturally 
come up in a limestone and fertilizer discussion. Our organization 
was crude at this early stage. We had only a township director who 
acted as chairman of all the extenskm activities in that township. 

Ten such meetings were held, with J. F. Barker, soils extension 
specialist, present at the first six. Arrangements were made for 
twenty-two limestone and four fertilizer demonstrations, reaching 
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twelve of the sixteen townships. Considerable effort was made at 
these meetings, later followed up by some of the leading farmers, to 
encourage cooperation in the pooling of car-load orders for limestone 
and fertilizer. As a result more than 2,000 tons of limestone were 
used in 1918, an increase of more than 100 percent over any previous 
year. A similarly increased use of fertilizer was shown. 

Since the prices of nitrogen and potash were extremely high at this 
time, special emphasis was necessarily placed on phosphoric acid. 
The following is an example of one of the demonstrations given 
county publicity: 

James Appel applied 300 pounds of 16 percent phosphate per acre on his ten- 
acre plot entered in the Mens’ Ten-Acrc Corn Growing Contest. Gn this plot, 
corn had been the previous cro]). On an adjoining ten-acre field, a clover sod 
was plowed down for corn. When it was time to judge the plot Mr. Appel was 
of the opinion that the corn on the unfertilized sod land would yield more than 
that on the fertilized plot. When the erop was husked and weighed it was 
found that the ten-acre fertilized plot yielded 1019.3 bushels while the same 
acreage of unfertilized sod land yielded a little less than 900 bushels. 

Similar results came from the other fertilizer demonstrations and 
were given publicity thru newspaper articles, news letters and town¬ 
ship meetings. 

The following is an extract taken from the supimar>' of our first 
year’s farm management work: 

CROP YIEI.DS 

On level land where large areas can be handled by one man by the use of 
large machines and teams it is possible to produce crops so cheaply that mone>' 
may be made even with low yields. On hilly land, however, w'hcTe the growing 
of crops requires a larger amount of exjjcnsivt* man labor this is not true and it 
becomes absolutely necessary to fertilize and handle tlu? land so as to grow us 
much as possible per acre. 

Compare your Farm with the Average of jj Farms and with Five of the Best 


Your Average Average 
farm of 31 of best 




farms 

5 farms 

Acres in crops . 


68 

66 

Value of all crojis grown .. . . 


$3775 

^3394 

Average value per crop acre 


$ 41 

$ 51 


What do you learn from the comparison? Are you growing more per acre 
than the other men, or less? Fair market prices were taken in figuring the value 
of all farm crops so these figures represent true conditions. 

The men in the group of the best 5 were producing over $600 worth more 
crops than the average of the 31 on practically the vSame acreage. How were 
they able to do so? They purcha.sed $125.00 worth more of fertilizer last year 
than the average of the whole group. All but one of the best 5 men are regular 
users of limestone while but 43 per cent of the whole group use limestone. 
Likewise the men who secured the best crop yields keep more livestock than 
the average and so have more raaniue to use on the farm. 

Let’s get after this crop yield question, use limestone and fertilizer plenti¬ 
fully and wisely and increase our labor income thereby. 
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In the table under the heading ‘‘Your farm/* each farmer's report 
had his own figures. 

Numerous other comments on crop yields, as affected by the soil 
fertility practices of the different men, were contained in this report, 
which was given publicity thru the press and particularly in meetings 
where these summarized reports were analyzed, conclusions drawn 
and presented. 

1919 

Working with about the same type of organization, the only 
difference being that a few more men were interested in extension 
activities, we outlined our work for the year at a farm bureau directors’ 
meeting. 

It was planned, for igig, to continue the soil program of the 
previous year. The need of more limestone and fertilizer and of 
growing of more legumes was to be given the greater part of our 
attenti(m. Meetings were to be held, at which attention was to be 
called to demonstrations already started, and arrangements made for 
sweet clover demonstrations in connection with some of the lime¬ 
stone demon.st rat ions started in igi8. 

Meetings were held in twelve communities where the fertility 
program was discussed, with special emp)hasis on legumes, particular¬ 
ly sweet clover. 

As a result of these meetings and numerous trips by the county 
agent, twelve sweet clover demonstrations were started, in eleven of 
the sixteen townships, aggregating 205 acres. Some others were 
started, but })roved to be failures. These failures in most cases were 
dtie to the lack of limestone or of inoculation, for, in some instances, 
in spite of all that was said to the contrary, some men would sow 
sweet clover without correcting the acidity or without inoculating. 

In some respects such failures t>roved to be demonstrations, inas¬ 
much as they proved the fact that the “white-collared educators” 
really knew what the requirements are for the successful growing of 
these crops. We usually try to capitalize “failures” as well as 
successful demonstrations. 

The following are extracts of newspaper rei^orts on a few repre¬ 
sentative demonstrations: 

Dr. A. G. Stevens, at the suggestions of the soils specialist, sowed a 2o-a(Te 
field of wheat to sw^eet clover on his Vernon Tow'nship farm. It was drilled in 
the early spring at the rate of 8 pounds per acre. The w^hole field had received a 
three-ton application of lime.stone at wheat seeding. One half of the field had 
received a two-ton application in a previous rotation. 

A good stand of sweet clover was secured on the entire field but the part 
receiving the two applications of limestone yielded more sw^eet clover hay. 

Dr. Stevens reports having harvested 42 two-horse wagonloads of sweet 
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clover hay this fall while his neighbors who used no limestone and sowed no 
sweet clover were clip])ing the rag weeds on their wheat stubble land. As 
to the quality of the hay and the question of livestock eating it, Mr. Perry, 
a tenant on the farm, says “The horses stop eating corn to enjoy the sweet 
clover hay.” 

This eroj) of sweet clover hay enabled Dr. Stevens to sell $500 worth of 
mixed timothy and clover hay, he otherwise would have had to feed. 

As a further demonstiation of the neces.sity of the presence of limestone in 
the soil, 6 acres of unlimed land adjoining the 20 acres were sown to sweet 
clover at the same time. It came up, grew but a few inches, then perished. 

A similar demonstration may be seen on the farm of Otto Zocllncr. Wheat 
was sown on corn land, the corn being cut up and shocked in a solid row. Two 
tons of limestone was api»lied preceding the seeding of wheat, the solid shock- 
row of corn, of course, received no lime. Sweet clover was drilled in the wheat 
last spring at the rate of 8 pounds per acre, drilling crosswise of the shock row. 
A good crop of sweet clover ha}^ ivas cut this fall, approximately one ton per 
acre, but on the shock row, where no limestone was applied, a beautiful stand of 
w'lld grass may lie seen and but seldom a stalk of sweet clover. 

On the Bannon farm, m the rieh Scioto bottoms, 20 acres of wheat were sown 
to sweet clover last spring and Mr. (Charles Ajjpel, superintendent of the farm 
says, “T harvested 40 tons of fine hay the latter part of August.” Some com¬ 
plain of difficulty in curing, but Mr. Appel says, “Thisheavy croji was handled 
just as wc always handle alfalfa WMth no more trouble in curing.” 

These sweet clover fields will be watched with interest and meetings held 
there next year. 

According to our records, about 2,000 tons of limestone were used 
and fifteen more demonstrations started. It was said by many fanners 
that without doubt double this amount of limestone would have been 
used had it been more readily available This condition led us to 
investigate the local sources of limestone, as will be seen further on in 
this report. 

Splendid results were obtained from each of three fertilizer demon¬ 
strations on wheat, the following one of which will serve as an illus¬ 
tration : One-half of a twenty-five acre field of wheat on the Bannon 
farm was to]) dressed in the early sjjring with 200 pounds of 16 
percent acid phosphate per acre on land that had received 150 pounds 
when seeded. The half receiving the additional 200 ])ounds yielded 
4^ bushels per acre more than the other half. According to pre¬ 
vailing prices at that time $2,60 invested in fertilizer returned $9.67 
in wheat. 

This demonstration came as a direct result of one of our meetings 
where Mr. Barker had emphasized the desirability of using heavier 
applications of fertilizer than statistics indicated were being used in 
Scioto County. Wc have similar records on two other demonstra¬ 
tions. There is every reason to believe that our series of meetings 
resulted in many farmers increasing their rate of fertilizer applica- 
'lion. Statistics show considerable increase in the tonnage of fertil¬ 
izer used in 1919. 

A demonstration in the use of fertilizer on com, similar to that 
mentioned for 1918, was conducted by Charles Appel, in which he 



gahm: county soil improvement program 


341 


applied 350 pounds of 16 percent acid phosphate per acre on the ten- 
acre plot which yielded enough com to make him a member of the 
loo-bushel Com Club of Ohio, while unfertilized check plots failed by 
8 bushels to reach the coveted ^osl. 

It has generally been thought that the soil of the Scioto bottoms is 
so productive that it would not respond to commercial fertilizers, but 
these experiences arc causing many Scioto bottom land owners to 
begin the use of fertilizer. 

The following is an extract taken from my annual report for igig 
showing the relationship of farm management records to the fer¬ 
tility project: 

Farm maTiag(*ment records for this year showed that the best five farmers who 
kept records produced $56.00 worth of crops jier acre, while the average farm 
produced $44.00. This was brought about thru better fertility practices as 
evidenced b}^ the expenditure of $226.00 per farm for fertilizer and limestone on 
the best five farms, while the average farm received only $130.00 worth. 

The analysis of the.se records .showed that the five best farms were growing 
more legumes. This was evidenced by an average nutritive ratio of 1:10 for 
the home grown feeds on these farms, and a nutritive ratio of 1:13 on the 
average farm. 

These figure's sujiport the argument in our .sods project that money invested in 
limestone and phosphate fertilizer is a sound and profitable inve.stment and is 
not what many farmers consider it, “A Big Expfnse." 

A summarized account of the records was furnished to each man 
who kept a record. Meetings were held at which time these sum¬ 
maries were explained in detail, not only to those who kept records, 
but to all farmers who attended. 

This siunmarizcd report was also made a part of the county fair 
exhibit. 

1920 

A slight change in the organized elTort in soils work came, perhaps 
as a result of a new idea in the general plan of extension activities, 
namely, “The community plan,“ which was adopted in this county 
and started in four communities. This plan provided for a leader of 
each project in every community organized. It gave us the idea of 
appointing a soils chairman in each township. This was done, since 
this project was considered one of the most important and was 
reaching most of the county. 

This was the beginning of what we hope will materialize into a 
real local “soils and crops” organization that will coordinate with a 
state organization beting fostered by the soils department of the 
Ohio State University at present represented in this section of the 
state by Mr. Earl E. Barnes. 

Two years had now been spent in getting before the farmers the 
need of more limestone, fertilizer and legumes, and the starting of 
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numerous demonstrations. It was decided to check up the results, 
similar to those given above under results of 1919, as well as many 
others and to place them before the farmers in as vivid a manner as 
possible. 

This was done by citing concrete results in meetings held for dis¬ 
cussion of the project and thru news letters and newspaper pub¬ 
licity such as the following: 

Mr. Otto Zocllner of Wheelersburg has a ten acre field, one-half of which he 
limed at wheat seeding time in the fall of 1918 at the rate of 2 tons per acre. 
The limestone cost $ 3.00 per ton making a total cost of $30.00 for the 5 acres 
limed. 

In the fall of 1919, after wheat was harvested, 5 tons of red clover hay were 
secured by Mr. Zoellner from the five limed acres. During the summer of 1920, 
he cut 10 tons of clover hay, a total of 15 tons, from this area. On the 5 acres 
adjoining, he got nothing in the fall of 1919 and only 5 tons of hay during the 
summer of 1920. Therefore, he invested $30.00 in actual cash, which is re¬ 
sponsible for the difference between 15 tons of good clover hay and 5 tons of 
fairly good mixed hay. The good effects of the limestone do not stop here, for it 
is only reasonable to expect larger yields on succeeding crops and it certainly 
shows the way to increasing fertility rather than to soil depiction. 

Another means of getting results before the public was thru our 
county fair exhibit. A permanent farm bureau headquarters was 
erected, in which our exhibit was shown, the remaining space in the 
building being used as a rest room. The exhibit consisted of a com¬ 
bination of farm management and soils, featuring the “Value of 
Legumes” and the “Effects of Limestone.” 

Two miniature representations of farms on which records had been 
kept for two years were shovn. Large card-boards and banners were 
used to show the exact feed value of crops grown on each farm. The 
exhibit showed how the well managed farm grew $560.00 worth more 
protein per year on acres less land than was used on the poor 
farm and how it was done thru the growing of more legumes, which 
was possible by the use of more limestone and fertilizer. The lime¬ 
stone exhibit was on the side of the booth near the best farm and 
connected with it by a red ribbon showing the relationship betw^een 
the use of limestone and good legume crops. 

The coimty agent was kept busy for two days estimating the lime¬ 
stone needs of soils, samples of which were brought there by farmers, 
and answering questions on the use of limestone and fertilizers. 

Soy Bean Project 

As a part of our legume program, fifteen soy bean demonstrations, 
aggregating 100 acres, were arranged for. As a result of this beginning 
the acreage of this crop has increased from a few acres at the time 
these demonstrations started to more than 2,000 in 1923. 
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Community Soil Demonstration Fields 
Three community soils demonstration fields were established in 
accordance with the plan outlined by the soils department. This 
project is designed to demonstrate the effectiveness of logical, system¬ 
atic fertility treatments followed thruout one or more rotations. 

Samples of soil to be examined by Mr. George Valley, the soils 
extension chemist, were collected in the fall of 1920. After a labora¬ 
tory examination, a system of soil treatment was worked out with the 
farm owner. This was designed to fit in, so far as practical, with the 
owners idea of crop rotation. 

Field meetings are held on these fields each year, at which the 
practices being followed were discussed. After several rotations, the 
soils will be resampled and examined in the laborator\" as a means of 
securing su])i3lemcntary evidence of the effectiveness of the soil 
improvement system which has been used. 

1921 

Work was begun in fourteen communities, in each of which there 
was outlined a program of work in which some phase of soils work was 
incorporated. A project leader was selected by the people of the 
communit}^ and goals were set, stating the things which were to be 
done. These included such items as the use of too tons of limestone; 
the growing of 50 acres of sfiy beans; the holding of field meetings; 
the building of a limestone storage bin; and others; depending upon 
the community needs. 

In order to familiarize these leaders with their job; to acquaint 
them with their fellow leaders in other communities; to get an idea 
from the soils extension sjTecialist of how to jiroceed to get best 
results; a conference was held early in the year, at which eight of the 
fourteen leaders were present. 

After considerable discussion of the various programs, the following 
resolution was passed: 

In order to encourage the use of more limestone three field meetings will be 
held on farms where there i.s rtiitslanding evidence of the need of limestone as 
shown by the good growth of clover on limed land and the failure of clover on 
unlimed. 

The places and dates of the meetings were decided upon and the 
project leaders each agreed to have a certain number of men present. 
These meetings were so arranged as to make it convenient for the 
several leaders to bring a few of their more progressive neighbors with 
them. 

As was indicated in a previous statement, one of the difficulties in 
securing limestone is the lack of a convenient means of distribution. 
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A considerable amount of time was spent in securing samples for 
analysis of limestone from ledges in the north-eastern part of the 
county. Upon further investigation, it was found that the cost of 
quarrying, grinding and distribution would be too high to justify the 
investment necessary to develop the entcri^rise. The cooperative 
purchase of limestone then came up for consideration. Very few 
farmers were in position to buy limestone in carload lots. Accordingly, 
it seemed desirable to examine into the possibilities of a limevStone 
storage-bin where limestone would be available at any time when the 
farmer happened to be in town with an empty wagon. Two com¬ 
munities decided to attempt the storage-bin plan. 

The community demonstration project was discussed and the lead¬ 
ers voted that sj)ecial effort be made to establish at least two more 
such fields, and if possible three, because it was thought necessary 
to have six such fields in the county in order to be representative of all 
soil types and agricultural conditions. 

Field meetings were held as scheduled, the project leaders arrang¬ 
ing for them and giving the necessary local jmblicity. Sixty farmers 
attended the meetings which was only two less than the goal set at 
the conference. These meetings, having been so well planned and 
attended, proved to us that the day spent in conference was \vell 
worth w^hile. At each of these meetings, there was a discussion of the 
soil problems confronting Scioto County faimers and a consideration 
of plans for solving these problems. Attention was called to the 
community demonstration fields which were being established. 

The plan for a storage-bin at Wheelersburg failed, in spite of a 
creditable effort on the part of the leader of that community. How¬ 
ever, the Haverhill community succeeded in getting the stock sub¬ 
scribed ; the land on which to build the bin leased from the railroad; 
and the application made for the charter. 

The request for three more community demonstration fields was 
granted, all of which were established and soil samples taken during 
the fall of 1921. 

Some effort was put forth by the soils leaders, in cooperation with 
the community purchasing agent, in the purchase of soybeans. As a 
result, 500 bushels of soybeans were bought in this way. This 
probably resulted in sowing that many beans more than would have 
been sown had no effort been put forth by the community leaders. 

Farm Management Records 

The year 1921 waj^ the fourth one in which records have been 
kept in the county, by an average of 35 men per year. With a few 
^exceptions the same men kept records each year. 
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For the year j 021 , it was decided to work out a “Fertility Balance" 
covering the four-year period. A table, showing approximately the 
amounts of the plant food elements removed by various crops was 
used. Another table gave the comparison of the practices of the best 
five men with the average of the whole group, for the four years, as to 
whether or not the quantities of the essential soil elements were being 
maintained. In the reports sent to each man keeping a record was his 
own individual record, showing how he compared with the average of 
the whole grouj) and with the average of the best five men. 

The following are some of the figures and comments taken from the 
stimmarized report: 

The report shows that the averaj^e farmer is returning 80 pounds of nitro¬ 
gen, 197 pounds of i)hosph(jric acid and 59 pounds of potash for each 100 pounds 
removed, while the best five show, for each 100 iiounds removed, a return of 
75 pounds, respectively. 

Apparently the average farmer in the county is maintaining his jihosphoric 
acid vSUjiply fairly well, but, according to the analysis of the soil of the six 
community demonstration fields, he has a long way to go before reaching the 
point where it need not be of concern to him 

The nitrogen and potash supply is not being maintained by the average 
farmer. Tins is a problem, particularly as to the nitrogen, to which more thought 
must be given. Analysis of our .soils show very low nitrogen content. They 
are fairly high in jiolash, but this is only available to an extent measured by the 
amount of organic matter present. 

By comparing crop yields and labor income over the four year period, it is 
apparent that iictter methods of fertility maintenance pay. 

CROP YIFLDS AXI) INCOME 
(4 YE\R PERIOD) 

Average All Farms Best Five Farms 

Corn fier acre 44 bu. 50 bu. 

Wheat per acre 14 bu. 18 bu. 

Labor income $551.00 $1098.00 

The next question is what methods do these best live men find most practical 
in maintaining fertility? 

1. They use more lime. 

2. They use more fertilizer. The average man spends $1.86 annually per 
crop acre for fertilizer while those among the best 5 average #3.12 

3. They keep more stock, feed more of the crojis on the farm and besides 
.spend $452.00 annually more for feed than the a\'erage. Thus brings more 
plant food on the farm. 

4. They grow more legumes, such as clover, soybeans and cowpeas. 

5. They take better ('are of their manure, keep it hauled out and don't 
allow the plant food to leach out of it in the bam lot or in a pile against the 
barn. 

G(X)d soil fertility fiitlctices are a very important part of profitable farm 
management and the farmer who ignores any of these means of increasing the 
productivity of his farm is thereby decreasing the future earnings of his business. 

This report unquestionably had the “evangelistic" effect in stimu¬ 
lating interest in our soils program in ever>" community in the county. 

In our community program-planning meetings, where community 
analyses were made, this material was used. Without exception, this 
report influenced the committee to include more soils work in their 



346 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 


program. The answer was “fertilizer and limestone schools/’ a project 
offered by the soils department. 

1922 

The community soils leaders were selected for this year at the 
community program-planning meetings, with the imderstanding that 
they are to be permanent leaders in their communities. As far as 
possible, in communities where demonstration fields are established, 
the owner of such a field was made the soils project leader. 

The leaders met in conference, in February, for a discussion of the 
county soils problems. The analysis of the soils of the six demon¬ 
stration fields and the farm management data on fertility main¬ 
tenance served as a basis for discussion. General policies were out¬ 
lined, arrangements were made for conducting a number of “lime¬ 
stone schools,” and a new phase of fertility work was presented, 
namely, '‘pasture improvement.” The committee readily agreed as 
to the need of pasture rejuvenation. The final decision was that a 
few demonstrations should be started in the spring of 1922 as a 
forerunner to a more strenuous campaign for 1923. 

Six fertilizer and limestone schools were held, where numerous 
limestone-requirements determinations were made The “Ohio 
Standard Dozen” fertilizer analyses were discussed and the increavSed 
use of better fertilizer was urged. 

Five pasture-improvement demonstrations with a limestone and 
phosphate treatment were started and field meetings were held the 
day that the treatment was given, with a total attendance of forty-six. 

The county agent* and the soils extension specialist had nothing to 
do with this work from the time the conference was held in February, 
until the treatment was given in May, at which time both were 
present to discuss just what may be expected of such treatment and to 
map the fields as to treated and untreiited plots. 

We believe that the success of this project was due largely to the 
fact that the project leaders had been convinced of the importance of 
the work; they knew what they were expected to do; and had planned 
the method of doing it. The planning had been done at the project-' 
leaders conference, which we expect to repeat annually. 

Following the plan of the previous year in regard to encouraging 
the growing of soybeans, the soils leaders cooperated with the local 
purchasing agents in pooling orders for beans, as a result of which 800 
bushels of seed were purchased, all from outside the county. Very 
little seed was grown, except in a small way by a few men for their 
own use. In driving thru the county, the increased number of soy¬ 
bean fields is very noticeable. 
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In February, 1921, arrangements were made with the County's 
only paper, a daily having a circulation of 15,000, for all the space 
desired in the Saturday issue, under the heading of “Agricultural 
Notes," the material for which was to be prepared by the county 
agent. Numerous timely articles were published in the “Agricultural 
Notes" column, pertaining to the feeding value of soybeans; their 
effect on fertility; the results obtained by local growers and their 
experiences in growing them. These had something to do with their 
increased use, as was evident from the fact that many times farmers, 
in talking with the county agent, referred to the article read in the 
“Times." 

Fertilizer demonstrations on tomatoes and potatoes were begun 
during the‘year, in which the effectiveness of a 4-10-4 analysis was 
made very ai)parent b}" the increases in yields. In one case, for 
example, the value of the increase above the cost of the fertilizer 
from an application of 800 pounds of fertilizer of this analysis amount¬ 
ed to $63.89 per acre. A 4-]0-4 fertilizer apjilied at the rate of 1,000 
pounds per acre on ])Otatoes also gave })rofitable returns, the increase 
in }*ield ranging from 36 to 90 bushels per acre. Publicity was given 
these results thru the press, at farm bureiiu meetings, grange meetings 
and farmers’ institutes. 

The following is an extract from the 1922 summarized farm manage¬ 
ment report pertaining to our fertility problem: 

ARE OCR F\RMS BECOMING RICHER OR POORER? 

This is a question which is often asked and which the following table based 
on the farm records for 1922 an.swervS. 

The Percentage of the Nitrogen, Phosphoric Acid And Potash Removed from 
the Soil by Crops ichiclt is Returned Through Manure and Fertilizer. 



Your 

Average all 

Best five 


farm 

farms, 1922 

fanns, 1922 

Nitrogen 


89 ^; 


Phosphoric acid 


174'0 

20V0 

Potash 



84% 


Compare your farm uith the average and with the best paying farms. The 
best paying farms are building up the sujjply of crop growing elements in 
their soils while the average farm is being defiletcd of these elements, particular¬ 
ly nitrogen. The most practical methods of building up the nitrogen supply 
are: 

1. To conserve the manure. Of the five better paying farms two have 
covered barn yards, one hauls all manure directly to the field and the other 
two haul all manure to the field as made except that around the straw stack. 

2. To add to the nitrogen supply thru the use of legumes. All farms were 
divided into two equal groups according to the percentage of crop land in 
legumes in 1922. The following table tells the story. 
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Crop land in Yield wheat 

Yield com 


legumes 

per acre 

per acre 

Farms with least legumes 

13% 

12 bu. 

30 bu 

Farms with most legumes 

24% 

14 bu. 

45 bu. 


1923 

On January 23rd, the soils leaders met at the regular annual soils 
conference, at which time a County soils program was outlined, 
based on the community programs. In this conference two pr()jects 
were considered in detail, viz., “pasture improvement “and “fertil¬ 
izer and limestone schools.'* 

After going over very carefully the requirements for the pasture 
improvement demonstrations, a plan was outlined showing the part 
which the soils leaders, county agent and soils extension sjjecialist 
each should take, in order to make the project a success thruout the 
entire county. These were as follows: Each soils leader was to secure 
one or more demonstrators and to submit a sample of the soil of the 
proposed demonstration fields to the county agent not later than 
March 15th. The agent was to forward these vSample to the soils 
department; where lime-requirement determinations were to be 
made and the results reported ten days after the samples v^cre 
submitted. The demonstrator was to treat at least one acre of land 
with sufficient limestone to satisf}' the lime-requirement and at 
least 400 pounds of 16 percent acid phosphate or its equivalent in 
some other carrier of phosphorus. 

In connection with this project, it w^as decided that the week of 
June Tith was to be known as “pasture imj^rovement week,” at 
which time a series of meetings was to be held for the purpose of dis¬ 
cussing the results of the many demonstrations in this section of the 
state which are now showing notable improvement as a result of 
treatments during the previous tw’^o years. 

At these meetings, there was a discussion of the reasons for the 
“Ohio Standard Dozen” fertilizers. The leaders were urged to make 
every effort to get their respective farmer friends to report at the 
‘'fertilizer and limestone schools.” 

The limestone storage bin again came up for its share of discussion, 
after a report was heard from Haverhill Commimity that the bin in 
that community had been erected but was not yet in operation be¬ 
cause of some difficulty in the installation of machinery. It was the 
opinion of all those present that the storage-bin idea was soimd and 
that it was the best known means of having limestone available at all 
times, this being a very important factor in a limestone program. 
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Further investigation was to be made by all the leaders of the de¬ 
sirability of installing other limestone bins in other localities. 

As a result of the work of this committee, thirteen “pasture im¬ 
provement” demonstrations were started in seven communities on a 
total area of about 75 acres. Six other pasture demonstrations were 
arranged for in three other communities, but up to d^ite these have 
not received limestone. “Pasture improvement week” was observed 
beginning June 11th as planned. Considerable advance advertise¬ 
ment was given to the ])roject by means of posters and newspaper 
publicity under the slogan “Make Scioto County White.” During the 
week ])receding the meetings,“With White Clover” was added to the 
slogan. The first j)osters and newspaper publicity under the slogan 
“Make Scioto County White” created considerable comment and 
aroused interest as the following incident indicates. Only one re¬ 
porter on the daily ])aper had all the information ])crtaining to the 
slogans and it was thru him that all the newspaper publicity was being 
given. One morning another reporter, running into the office excited 
and almost breathless, was heard to exclaim, “My Gr>d! the Ku 
Klux Klan are working fast in this county, they are getting ready to 
run out all the negroes!” “Surely not!” exclaimed the knowing 
reporter. “Yes! A bunch of fellows up the street told me they had 
I)osters u}) all over the count}', “Make Scioto County White.” 

The following is one of the many press articles announcing the 
meetings. 

'‘with white clover’' 

This IS the addition to tho slogan chosen by the Soil Committee of the Farm 
Bureau, making it read “Make vSciolo County White with White Clover,” 
meaning that the luxuriant growth of white clover is the ba.sis of good jier- 
rnanent pastures. 

Mr. Barnes, Sods Specialist, Ohio vStatc University, ivill disc’uss in detail the 
most economical methods of pasture improvement at tht* meetings to be held 
throughout the county next week. Soil testing for lime-requirement wall be a 
feature of every meeting. Any fanner desiring to know how much limestone he 
should aiijily on any or all fields can find out without cost by lirmging a sample 
of soil to any one of the meetings to be held at Haverhill, Empire, Minford, 
Lucasville, Sedan, Otw'ay and Ohio Valley. 

Another press article reported results of a meeting as follows: 

R'ive hundred farmers and their families heard Mr. E. E. Barnes, Soils 
Extension Specialist, Ohio State University, in a series of meetings closed 
yesterday at Ohio Valley Grange Hall. 

“Scioto County can and should be made white with wdiite clover within the 
next five years” said Mr. Barnes. In pointing out the economical w^ay of doing 
so, he said in part “Every farmer would be happy if he had a good bluegrass sod 
on his permanent pasture land. To get them, tw’o things must be done—the 
lime-requirement met and nitrogen added. To meet the lime requirement, 
test the soil and apply limestone to meet the requirement. Apply phosphorus 
in the form of acid phosphate or basic slag. This stimulates the white clover 
which, by its luxuriant growth, ppplies the nitrogen necessary for good blue- 
grass. Usually the second or third year the bluegrass begins to crowd out the 
white clover. 
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Where there was any trace of tame grasses and a few white clover plants 
could be found in a field to be treated, the recommendations were—limestone 
to meet the lime-requirement and 4(X) pounds of i6 percent phosphate, or its 
equivalent, per acre both applied as a top dressing, with no cultivation and the 
sowing of no seed. It was suggested that the application of limestone might 
be made at any time of the year except that on steep hillsides it should not be 
done when the ground was frozen. The danger in such a case being that a 
heavy rain might fall before thawing occurred which would result in the 
material washing away. It was pointed out that the results might not be 
noticeable until the second year after the treatment was made, altho in a 
favorable season it might be seen the first year. 

Where there was absolutely no tame erass or clover the advice was to make a 
light seeding of alsike clover, Japan clover, timothy and red top, following a 
good disking of the ground, but certainly no plowing on hillsides where there 
was danger of erosion. 

That farmers are interested in the pasture improvement project is shown by 
the fact that more than 500 of them in south-eastern Ohio are treating one or 
more acres of pasture land according to the above recommendations This 
number includes 14 in Scioto Cour ty who have treated or will do so this .summer 
or fall. They are, according to rej orts of the community Soils Chainnan on file 
at the County Agent's office,—Kay I'reeman, Otway; Wilbur Mcjunkin and 
O. F. Dodds, vSedan; L. H. Marsh and E. C. Moulton, Lucasvillcj David 
Bennett, Thomas H. Bennett and L. B. Poole, IVIinford; Fred Lang, Wheclers- 
burg; John D. Oakes and Jacob Hammerstein, Emi>ire; and Wm. Brush, 
Frank Oakes and Frank Boynton, Haverhill. There may be others, and if so it 
is requested by the soils chairman that reports ]>e made to them or to the 
County Agent. The fields treated the spring of 1922 were inspec*teel during the 
summer by a fairly good sizc’d band of tourists, where it w’as easily ))Ohsible for 
anyone to point out the treated plots.” 

The following article appeared in the “Agricultural Notes“ column 
under date of Fejitcmbcr 29th: 

TIaverhill Lime Company Brsv 

The Haverhill Limestone Company is doing a splendid busint'ss, according 
to Smith Graff who has cliarg(‘ of the distribution. 

Mr. Graff says, "Since about the first of May, 250 tons of limestone has gone 
thru our storage bin, which is certainly several times what would have been 
used had farmers depotsded on the usual way of securing it in carload lot.s." 

Among those who have secured limestone thru the bm are, Frank Boynton, 
Wm.Brush, Charles Brush, A. S. Goddard, Chris Schilling, Henry Groh, Ora 
Smith, George Selby, Thomas Lavender, S. M. Varney, Frank Oakes, and S. E. 
Crickenberger. 

Henry Groh hauling with truck for his father and Ora Smith says,"He 
w^ould rather haul from Haverhill storage bin with the convenience and ser¬ 
vices rendered, than to haul from car at Wheelersburg, which is several miles 
shorter haul." 


SUMMARY 

1. An organization of community soils leaders has been effected. 
These leaders meet annually to consider problems and methods of 
solving them. 

2. There has been a notable increase in use of limestone and fertil¬ 
izer as a result of demonstrations. 

3. The legume acreage, particularly that of sweet clover and soy¬ 
beans, have been very considerably increased. 

4. Numerous successful pasture rejuvenation demonstrations have 
been begun. 
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5. Six permanent community demonstration fields are in operation. 

6. A supply of limestone, available at all times, has been made 
possible in one community by the building of a storage bin. 

FUTURE PLANS FOR vSOILS PROGRAM IN vSCIOTO COUNTY 

1. Continuation of pasture demonstration. 

It is planned to organize *‘])asture improvement” clubs in those 
communities where the small plot demonstrations have been in 
progress long enough to have convinced a considerable number of 
men that it is a workable ])lan. The ])lan is to enlist men in the project 
who will treat five acres a year for a period of five years. These men 
will meet at least yearh’ for a tour of interesting demonstrations on 
pastures and will make a special study of the pasture problem. 

Another new phase of ]jasturc improvement work will be started 
this year which is designed to show the efi'ect of the limestone-acid 
phosphate program on the gains made by livestock. One of these is 
already arranged for. A thirty-acre field has been selected Ten 
acres will be treated and separated from the rest by a fence. The 
dei)ar(ment (»f animal husbandly is c( (I'erating in checking ipi on the 
amount and ecemomy of gain on the two herds. 

2. Alfalfa demonstrations. 

Knowing that on a livest(»ck farm there was a need for more legume 
hay than is commonly ])roduced, it is felt that it is desiral)le to demon¬ 
strate in each cMmimunity the possibility of establishing and main¬ 
taining a field of alfalfa of five acres or more. Starting in the spring of 
1023, one of these will be established in each ctmimunity. A year is to 
be given to j)reparation The first >x'ar, s^^'eet clo\'er will be sown and 
enough limestone will be su[j])lied to make it a success. The next 
year, it will be ])lowed and kept in fallow until seeding time. It will 
be the object to keep these fields in this cro]) as long as possible. 
'Fo do this, they will be fertilized and harrowed regularly each year. 
Field meetings will be held on these fields as fast as they become of 
demonstrational value and thereafter whenever there is anything of 
interest to be shown. 

j. Fertilizer and limestone schools. 

Following the plan of the past two years, fertilizer and limestone 
schools will be held in a number of communities during the coming 
winter months. At these the advantages of high-analysis fertilizers 
will be stressed and farmers will be instructed in methods of comparing 
values of different brands. 

Samples of soil brought in by farmers will be examined for their 
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lime-requirement. At these meetings, the building of limestone 
storage bins will be encouraged and any community showing an 
interest in this method of securing a constant supply pf limestone will 
be given additional help in the matter of determining the best type of 
organization, ^'hru cooperation with the agricultural engineering 
department, we will also be able to give them helpful hints as to the 
best type of bin to build. 

4. Cmnmunity Soil Demonstration Fields. 

The six fields established in previous years, where up-to-date 
methods of soil management from all angles are being shown on the 
same field, will be continued. Field meetings will be arranged on as 
many of these during the coming year as seems advisable after the 
creeps are started. Data from these fields will be discussed at the 
fertilizer and limestone schools during the following winter. 

AGRONOMIC AFFAIRS 
THE COLORADO PURE SEED SHOW 

The Annual Colorado Pure vSeed Show was held in Colorado Sjirings 
on November 13-16, 1923. There were presented at the show pure 
seeds eligible to certification and registry’ of a total value estimated 
at nearly $200,000, exhibited by growers. Buyers are beginning to 
make use of this opportunity to purchase seed stocks; both seed 
houses and individual jiurchasers being represented at the show. 
In the opinion of the agronomists of the State College, this show has 
been a very influential factor in promoting the whole program of 
improved crops through improved and certified seed. 

SOYBEAN HARVESTER SAVES LABOR 

A row soybean harvester which beats the beans from the standing 
stalks when thoroughly dry and is operated by two horses and one 
man has been a factor in the soybean work of County Agent E. V. 
Breeden, Orange County, Va. This is a dairy county, using a large 
amount of concentrates and legume hay. Mr. Breeden selected soy 
beans as a promising crop to meet this need and one which could be 
profitably grown there. 

He secured in 1922 the purchase of two of these seed harvesters 
which he personally knew to be satisfactory, after a number of 
demonstrators had planted sufficient acreage of soy beans for seed 
to make the use of the harve.stcrs worth while. That year over 2,000 
bushels of seed were harvested from perhaps 15 farms. This year 12 
harvesters were run, harvesting on 36 farms. More than 800 acres 
were grown for seed, 200 acres of which were entered for certification. 

As home production of seed increavSes the plowing under of a part 
of the crop as green manure will be increasingly stressed. 

{The Official Record) 
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SULFUR IN RAINFALL IN KENTUCKY' 

E. M. John SON" 

Improved methods of analysis have shown that plants require 
much more sulfur than was found by the old method of analyzing 
the ash. With this knowledge came investigations of the sulfur 
problem in agriculture in all its phases. Much work has been done 
in determining the sulfur content of the rainfall. Wilson (lo)*"* and 
Erdman (2) in recent publications, gave rather extensive reviews of 
the literature on this subject The results obtained by the various 


Tablk I. Sulfur in rain full 


Place of collection 

Investigator 

IVriod 

Average 

F^iunds 




annual 

elemental 




rainfall 

sulfur per acre 





per year 

Rothamsted, Img. 

Miller (4) 

i88i~’87 

29 95 

697 

Lincoln, N, Z. 

Gray (4) 

1884-88 

2(),70 

5 . 9 « 

Catania, Sicily 

Sestini ^4) 

i888-’89 

18 36 

H37 

Garforth, ling. 

CrowtluT (I) 

I90(>--’(X} 

26 95 

.58 32 

Leeds, Eng. 

“ ti) 

1907 ’08 

27.10 

64.58 

Urbana, 111 . 

vStewart (7) 

I 9 t 3 -’i 9 

— — 

45.10 

Mt. Vemon, Ta. 

Peck {(>) 

1916-17 

17.69 

338 

Mt. Vernon, Ta. 

Tneschmann (8) 

1918 ’19 


.61 

Ithaca, N. Y, 

Wilson (9) 

1918 ’23 

28.50 

29 50 

Pullman, Wash. 

Olson & Si. John ^5) 

1920 ’21 

22.00 

5.57 

KnoxvilU', Tenn 

Mac Intire 





tX- Young (3) 

1913- ’21 ^ 

50.42 

51.50 



1915 '2I>' 

48.44 

94.50 



1919 ’20^. 

58.14 

18.60 

Ames, Iowa 

Erdman (2I 

1921- 

vV>.38 

14.89 

^University Farm 

^‘Weather Bureau 

^Ogden Farm 



^This paper is part of a thesii> presented to the faculty of the C<dle^o of Agri¬ 
culture, University of Kentucky, in partial fulfilment of the re(|uirements for the 
degree of Master of Science in Agriculture, The work was <lone under a fellowship 
provided by the Clyp^'”^'’^ Industries Company. Received for publication 
February 26, 1924. 

^Assistant in Agronomy, University of Kentucky, Lexington, Ky. 

^Reference by number is to “Literature Cited,” p. 355. 
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investigatons both in this country and abroad are widely different, 
as may be seen from the summary presented in Table i. 

EXPERIMENTAL WORK 


Rainfall was collected and analyzed for sulfur content from seven 
gauges located in six localities in Kentucky. The location of the 
gauges with reference to cities and railroads is indicated in Table 2. 


Tahle 2.— Location of gauges from which rainfall was collected. 


Place of collection 

Lexington (U. S. Weather Bureau) 
Lexington (Van Meter fann) 
Lincoln Institute 

Paducah (Lone Oak) 

Mayfield 

Russellville 

Greenville 


Neaniess to Nearness to city, 
railroad 

I city block Heart of city. 
iy2 miles ip2 miles from Lexington 
34 “ 8 miles from vShelbyville, 

I)opulation 4,000. 

4 “ 4 miles from Paducah, 

population 25,000 

J2 “ miles from city of 6,500. 

‘4 “ ‘4 miles from city of 3,000. 

'4' “ 2 miles fn)m city of 2 ,ock). 


The standard United vSiates Weather Bureau eight-inch gauge was 
used for the collection of the rainfall. After each rainfall, the col¬ 
lector poured the water into a glass carboys provided for the inirpose. 
To prevent the loss of sulfur by bacterial action, 25(^0. of bichloride of 
mercury solution (i to 1000) were placed in each container. The 
rainfall was analyzed by periods of three months each. Collection 
was started on April i, 1921,and continued until Afiril i, 1923. The 
periods were so arranged that analyses could be made in both the 
winter and summer months. 

In Table 3, there is shown the average sulfur content of the 
rainfall for the two-\'ear period for the seven stations. Tlie amount 


Table 3 . —.Sulfur in rainfall in Kentucky { 1 Q 21 and IQ 22 ). 



Average 

Average annual 

pounds of sul¬ 

Place of collection 

annual 

precipitation of 

fur ]ier acre- 


rainfall 

sulfur, ]x)un(is per 
acre 

inch of rainfall 

Lexington (U. S Weath. Bu.) 

44.90 

41.19 

.94 

Lexington (Van Meter farm) 

45.60 

23.H4 

.52 

Lincoln Institute . 

4U37 

17.10 

.41 

Paducah (Lone Oak). 

42,80 

33.^6 

.79 

Mayfield 

49.62 

25.92 

.52 

Russellville 

43.56 

29.80 

.68 

Greenville . . . 

45.54 

35.97 

.79 

Average . . 

44.77 

29.52 


of sulfur carried to the soil by rains as an average of the state as 
computed from, the data shown in Table 3 is 30 pounds per acre per 
year. This average does not include the amount of sulfur in the 
rainfall collected at the Fayette National Bank building for the 
winter period, nor the data for January, February, and March, 1922, 
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for Greenville and Russellville. The Lexington data were not in¬ 
cluded because the gauge was placed near the smokestack of the 
building and during the winter the rainfall contained a large amount 
of soot. The Greenville and Russellville rainfall for the period 
noted was contaminated with sediment of an organic nature and ran 
ver\' liigh in sulfur Inclusive of these data the average for the 
state is about 36 pounds of sulfur per acre per year. 

In order to show the seasonal variation of the sulfur content of the 
rainfall, the average quarterly precipitation of sulfur is given in 
Table 4. These figures are average c)f the data from the seven gauges: 

Table 4. —Quarterly precipitation of sulfur in rainfall in Kentucky. 

(Average of seven gauges for two years) 


Quarter 

Months 

Pounds of 
sulfur per acre 

Rainfall ner 
quarter 

Pounds of 
sulfur per acre- 
inch of rainfall 

.89 

I 

) anuary, February, 
March 

per quarter 

13.330 

14.88 

2 

April, May, June 

July, August, vSeptemb 

7.087 

9.45 

.75 

3 

tr 6.355 

9.52 

.63 

4 

October, Novemlier, 
December 

9 «7 

11.63 

.80 


The results indicate that the sulfur content of the rainfall is greater 
in the winter than in the summer 

The loc'alion of the gauge with reference to railroads and cities 
affects the sulfur content of the rainfall 

Yearh' estimates of sulfur in rainfall based on analyses of a few 
collections are inaccurate, because the sulfur content of the rainfall 
is variable. 
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NITROGEN IN THE RAINWATER AT DIFFERENT POINTS 
IN KENTUCKYi 

J. P. Freeman^ 

Considerable work has been done in determining the amount of 
nitrogen in the prccijiitation in various parts of the world. Wilson 
(3)''* of Cornell University has reviewed quite fully the literature on 
this subject. 

Since collections of rainfall were being made at various points in 
Kentucky for the determination of sulfur,^ it was thought advisable 
at the same time to determine the amounts of nitrogen present. 
The location of the gauges used in collecting the rainwater with 
reference to railroads and cities is described in the i)receding article. 

At Russellville, Greenville, Mayfield and Lone Oak, the gauges were 
set up at the edge of the faimyard, near the stables and usually not 
more than 50 ft. from the residence of the caretaker. At Lincoln 
Institute and Lexington (Van Meter Farm) the gauges were located in 
open fields. 

The rainfall was analyzed by periods of three months each. Re¬ 
sults were obtained for five periods, beginning January 1, 1922, and 
continuing thru April 30, 1923. The results for the Lexington 
(Fayette National Bank) location are not included in Tables 2 and 3. 
The rainwater of certain of the fields for the first period contained con¬ 
siderable foreign matter of an organic nature. For this reason, only 
the results of the last four periods are used in determining the annual 
results. 

The Nessler reaction employed in water analysis, as outlined by 
Olsen (2), was used in determining the ammonia nitrogen. 

'I'he nitrate nitrogen w^as determined by the phenoldisulfonic acid 
method. One hundred cc. aliquots of the rainwater w^ere evaporated 
to dryness on the hot W’-ater bath in the presence of a small amount 

^Contribution from'the Department of Agronomy, University of Kentucky, 
Lexington, Ky. Received for publication April 4, 1924. 

^Superintendent of Experimental Fields. 

^Reference by number is to “Literature Cited," p. 358, 

^See preceding article. 
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of bavSe, the residue treated with phenoldisulfonic acid solution pre¬ 
pared according to Chamot, Pratt, andRcdfield (i) and the custom¬ 
ary procedure followed, bringing ux) to volume with cold distilled 
water, developing color with ammonium hydroxide solution and 
comparing with standard nitrate solution in Schreiner colorimeter. 

Table i. —Nitrogen in rainwater. 


Location and Period 

Rainfall 

inches 

Ammonia N 
per acre 
lbs. 

Nitrate N 
per acre 
lbs. 

Total N 
per acre 
lbs. 

At Russellville, Kentucky 
Jan., Feb., Mar., 1922. . . 

15-33 

1.54 

1.61 

3-15 

Apr., May, June . . 

10-34 

8.62 

.96 

9-58 

July, Aug., wSept 

6.25 

3.b2 

.19 

3 -Hi 

Oct., Nov., Dec 

5 -f >4 

•49 

1.28 

1-77 

Jan., Feb., Mar., 192.x 

20.13 

1.28 

1.14 

2.42 

Totals for last four periods 

42..36 

14.01 

3.57 

17-58 


At Greenville, Kentucky 

Jan., Feb., Mar., 1922 . 

12.34 

6.02 

2.36 

8.38 

Apr., MaV, June. 

15-29 

4.86 

1.48 

6.34 

July, Aug., Sept 

8.89 

b.75 

4.02 

10.77 

Oct., Nov., Dec 

11.82 

1.72 

2.68 

4.40 

Jan., Feb., Mar., 1923 

1723 

1.59 

1.48 

3.07 

Totals for last four periods 

53.23 

1492 

9.66 

24-58 

At Mayfield, Kentucky 

Jan , Feb., Mar., 1922 

13.05 

0.87 

.5.09 

5-96 

Ax)r., May, June 

11.78 

2.73 

71 

3.44 

July, Aug., Sfpt .... 

7.47 

2.32 

3 12 

5.44 

Oct., Nov., Dec 

13.00 

.89 

4 57 

5 - 4 C> 

Jan. Feb , Mar , 1923 

Totals for last four periods 


.72 

1.52 

2.24 

49.91 

6,66 

9.92 

16 58 

At Lone Oak, Kentucky 

Jan., Feb., Mar., 1922.. 

14.6s 

1.49 

1.28 

2,77 

Apr., May, June 

9.22 

1.02 

.71 

1-73 

July, Aug., Sept 

5.20 

4-<>5 

2.07 

6.72 

Oct., Nov., Dec . 

6.82 

•74 

1.60 

2.34 

Jan., Feb., Mar., 1923 . . 

16.40 

1.42 

1.99 

3.41 

Totals for last four periods. 

37.70 

7.83 

t >-37 

14.20 

At Lincoln Ridge, Kentucky 





Jan., Feb., Mar., 1922. 

Apr., May, June. 

10.30 

1.08 

4.38 

5-46 

9.50 

1.72 

.68 

2.40 

July, Aug., Sexit. 

6.18 

2.46 

273 

5.19 

Oct., Nov., Dec. 

9-30 

4.24 

2.17 

6.41 

Jan., Feb., Mar., 1923, . . . 

3.75 

2.18 

•94 

3.12 

Totals for last four periods. 

28.73 

10.60 

6.52 

17.12 

At Van Meter Farm, Lexington, Kentucky 




Jan., Feb., Mar., 1922. 

12.91 

,92 

4.06 

4.98 

Apr., May, June. 

July, Aug., Sept . 

10.26 

1.89 

1.76 

3-65 

9.91 

II.3I 

3.79 

15.10 

Oct., Nov., Dec. 

8.77 

I.00 

1.41 

2.41 

Jan., Feb., Mar., 1923. 

1570 

1.42 

Trace 

1.42 

Totals for last four periods. 

44.64 

15.62 

6.96 

22.58 
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At Fayette National Bank Bldg., Lexington, Kv. 



Jan., Feb., M^., 1922.. .. 

12.78 

Not determined for this period 

Apr., May, June. 

10.28 

1.61 

7.33 

8.94 

July, Aug., Sept... . 

10.40 

2.57 

3.54 

6.11 

Oct., Nov., Dec. 

«.OI 

4.29 

2.35 

6.64 

Jan., Feb., Mar., 1923 . . 

i5-»7 

2.59 

2.51 

5.10 

Totals for last four periods 


11.of) 

15.73 

26.79 


Table 2,—Summary of nitrogen in the rainwater between April /, IQ22, and 

A prill, 1023. 




Ammonia N 

Nitrate N 

Total N 

Location 

Rainfall 

per acre 

per acre 

j)er acTc 


iiK'he.s 

lbs. 

lbs. 

lbs. 

Russellville . . 

42 36 

14.01 

3.57 

17.58 

Greenville 

53.23 

14.92 

9.66 

24.58 

Mayfield 

49.91 

6.66 

9.92 

16.58 

Lone Oak 

37.7<» 

7-83 

6.37 

14.20 

Lincoln Ridge . . . 

28.7.3 

10.60 

6.52 

17.12 

Van Meter Farm 

44.64 

15.62 

6.96 

22.58 

Average. 

,.. . 42.76 

11.61 

7.17 

18.78 

Table 3.- 

-Nitrogen in rainwater by three^nionth periods. 




Ammonia N 

Nitrate N 

Total N 


Rainfall 

])er acre 

ptT acre 

j)er acre 


inches 

lbs. 

lbs. 

lbs. 

Jan., Feb., Mar., 1922, 

13.13 

1.99 

3.13 

5.12 

April, May, Tunt' . 

11.07 

3.47 

1.05 

4.52 

July, Aug., Sept . . 

. . 7.30 

5.19 

2.65 

7.84 

Oct., Nov., Dec 

9.22 

1 52 

2.28 

3.80 

Jan., Feb., Mar., 1923. 

• 1.S.15 

1.44 

1.18 

2.62 


With an average rainfall of 42 76 inches for the year April i, ig22» 
to April j, 1923, in six different locations in Kentucky the soil 
received an average ^of T(S.78 pounds of nitrogen per acre. Of this 
amount, it. 61 pounds was in the form of ammoniacal nitrogen and 
7.17 pounds was in the form of nitrate nitrogen. 

LITERATURE CITED 
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THE RELUBILITY OF A DIFFERENCE BETWEEN TWO 

AVERAGES^ 

W. B. KEMp2 

Those who have occasion to interpret the results of crop invest!« 
Rations arc very much indebted to Love and his coworkers for 
keei)ing constantly before them the necessity for applying some 
measure of reliability to the results oi such studies. Anthony and 
Waring, together with these men, have brought to general attention 
the method of “Student,” for measuring the reliability of a diiTerence 
between two a\’erages when this diiTerence is detemiined under the 
peculiar conditions that exist in ]3lot tests. Articles on this subject 
have com})ared the mclhod of “Student” with an applicatioji of the 
ordmar\’ formula or modifications of the ordinary formula as sug¬ 
gested by Bessel and by Peter. The “Student” method has given a 
measure of reliability that seems more reasonable than that obtained 
by these formulas. On account of this showing its use is recom¬ 
mended. In nearly all cases where such comjiarisons are made, the 
significance of results as measured liy the two methods vary so widely 
that the casual reader is ajit to doubt the reliability of either method. 
It is in an eftort to overome such doubts that this article is UTitten. 

One Awy im])(>rtant consideration .seems not to have been suffi¬ 
ciently stressed in these diseus.sions This consideration is the fact 
that suiierioriiy of “Student’s” method to the applications of the 
other formulas is not jjrimarily because of the ])ciucity of data, even 
though this does have some elTeet, nor because of a too clos'ely drawn 
“Analogy between deteiminations made in the exact sciences and 
the measurement of field plot trials.” It is because Bessel’s formula 
was ne\’er designed for use under siu'h conditions and is, therefore, 
inadequate for this use. One of the S])eeific limitatiims accompanying 
the use of BeSvSel’s formula is that there shall be no cc)rrelation be¬ 
tween the deviations in the sets of data from which the difference 
in average is determined. But correlation is almost sure to be jiresent 
whenever any such deviations as those induced by season or soil can 
modify the data. If such correlation does exist, its effect must be 
removed either before or after the fonnula is applied. After this 
removal it may be of value to compare the merits of the different 
methods, but before its removal no comparison can logically be made, 
for the formulas referred to are ])atently inapplicable. 

^Contribution from the Department of Agronomy, Maryland Agricultural' 
Experiment Station, College Park, Md. Received for publication March 25,1924,, 

^Associate Agronomist. 
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One would hardly go to the trouble to determine what correlation 
exists and then remove its effect from Bessel’s formula unless such a 
procedure were obviously superior to the ‘‘Student” method; but 
occasions arise when it is desirable to measure the reliability of differ¬ 
ences when the necessary correlations are at hand and under such con¬ 
ditions their use is justified. 

To illUvStratc why such importance is attached to the correlation 
between i)aired com^^arisons, let an average difference between plots 
of a and b be determined, and let d.,—b be the deviation from this 
average of a difference in yield between two plots. Let da and dt, 
be the deviations of these plots from their respective averages. 

Then 

da-“b ^ da db 

To obtain a standard deviation, this must be squared. Accordingly— 
"dV-b = d\-—2dadb+d“b 

When this is summed ( 2 ) with other similar squared deviations there 
results— 

2d\_b = 2d‘-’a-2 Sdadb+ 2d\ 

Divide by “N” the number of cases that make up the summation, 
and the average so obtained is— 

2d^^, 2d^-; 2Sdadb 

N ~ N N N 


But 




N 


is (r“a—b, the square of the standard deviation, and 


Sd.,db 

N 


is “P”, the product moment of a correlation table. 

P 

The correlation, ‘‘r” = 

Therefore P=r.(ra(rb. vSubstituting in the abo\’'e fonnula one finds 
that o*\_b = <^V-2r.o'^,o'b+o'}/ 

When r = o the middle term becomes o, and there results the usual 
formula, (7\-^b = <?’a“+( 7 ’b“ 

But when r is not o, this middle term cannot be omitted. 

The probable error of such a difference is— 

U) 




—2r.(Ta(rb 

N 


When r = o the last term may be omitted and there results* 


±•6745, 


V' 


'< r^a—b 

N 


= ±-6745 




N 


or ±.6745 


Sda2+Sd*b 




(2) 


Bessel’s modification for use when “N” is small has been applied to 
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formula (2) in the comparisons under discussion. This modification 
should have been a])plied to (i) because the r values ran very hi^h. 

‘‘Student” has not corrected for the correlated variation, but has 
removed it hy subtracting^ the paired yields for each year or for each 
soil condition.'^ Love has suggested a like i)rocedure even when 
Bessel’s formula is to be used Such a method, when the numbers are 
few, is simple and satisfaclory. This is written, then, not to argue 
against such use, but rather to hel]) overcome any uncertainty that 
may have been engendered on account of the observation that 
different methods show widely different results. 

It is not logical to c()m])are with “Student’s” method any method 
that does not take into account the correlation that exists, because 
such a methr)d is wrongly a]')plied. It is logical to make such com¬ 
parisons if the formulas used arc complete, but in that case the 
glaring differences in reliability as measured the different methods 
largely di.sappear. 

It will save space and explanation if a problem is ixsed for illus¬ 
trative pur}X)ses that has been used formerly'. On page 222 of this 
Journal, for June, 1923, two varieties, A and B are compared. 
The results giv'cn are as follows 


A B 

70.6 77.2 

40 7 53 5 

46.5 66 I 

63 8 65 8 

42 4 =^2.4 

47 7 53 7 

Average 54.g ±3 g 62.0 ±2.6 


By an api)lication of Bessel’s formula, a probability of vsigniticance 
is obtained that has been calculated as odds of 2.2 .j. When this same 
formula is applied to the differences between pairs of yields, the odds 
change to about 40:1. When “Student’s” method is used, the odds 
become 25.5.1. When odds as obtained by the use of established 
formulas vary between 2:1 and 40.1, one is inclined to doubt the 
reliability of any method. The otiportunity for such doubts is im- 

*Since ^^Titing this, there has come to hand an article by “Student” entitled, 
“On testing varieties of cereals,” in Biometrika 15:271-293, December, 1923. 
In this article, much stress is laid upon the necessity for considering the correlation 
in formulas for error when applied to results of plot tests. Also, F. D. Richey, in 
an article entitled “Adjusting Yields to their Regression on a Moving Average as a 
Means of Correcting for Soil Heterogeneity” (/» Jour. Agr. Research, 27: 79--90 
1924 ) discusses the complete formula as described in this paper. 
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fortunate, since the three methods do not really give results so widely 
different, if the correlation is considered. The following comparison 
makes this clear. 

Correlation between yields of A and B: +.854 
Difference between average yield of A and B: 7.1 
Application of Bessel’s formula without coiivsidering the correlation: 
(Applied incorrectly) 

7*1 


4 


=6.97. 


*= 1.02. 


Odds, 2.2:1 


N^i 6.97 

(^=.6745 is omitted to facilitate calculation of odds from standard 
error.) 

Same formula when con'elation is considered: (Applied correctly) 

Odds, 36.8:1 


V' 


'(T-a + (r^b~^2T.(ra<rh 


=315* 


"= 2 . 22 .- 


N—i 3.15 

Same formula when applied to difference between pairs: 

7*1 


4 . 


Cr“a—b 


/N-t 
“Student’s” Method: 


= 3-15. 


3*15 


= 2.22.— Odds, 36.8:1 


7 *T 

Z =-- = 1.007 0623.-- Odds, 2S.S-1 

7.048 

When the ordinary formula is applied to this same data, the odds 
obtained are about 70:1; but it is generally considered that six is a 
number too small for use of this formula. As the niunber increases 
the results obtained from the use of this fonnula approach those 
obtained from the use of Bessel’s formula. Since the odds of “Stu¬ 
dent” are calculated from a curve somewhat different in shape from 
the normal one, its size is not identical with that obtained from 
Bessel’s formula. F'or all practical purj)oses, however, convaiience 
rather than great difference in reliability will determine whether to 
use one method or another; but the general differences in comparative 
results should be kept in mind. 

Since the appearance of the table prepared by Miss Feehan and 
presented by Love in the January, 1924, issue of this Joitrnal, the 
use of “Student’s” method when numbers are few should require less 
work. 



THE NITROGEN CONTENT OF KIRKLAND SILT LOAM AS 
INFLUENCED BY DIFFERENT CROPPING 
AND SOIL TREATMENT^ 

Henry F. Murphy=^ 

The nitrogen problem is a very com])lex one. The inactivity of 
the gas and the need of crops for it are the foundation reasons. 
Yet there are many ways in which the combined nitrogen present in 
the soil can be partially controlled. All of these ways need to be studied 
very carefully in order to be most efficient as tf> the use of this very 
important substance. Some of the factors which affect the nitrogen 
content of soils are soil treatments, crops and crop])ing systems, and 
climatic factors. A vast amoiuit of literature has been published 
conceniing this problem and no attempt will be made in this short 
article to review it. 

EXPERIMENTAL WORK 

An ex])erimcnt was started on the Oklahoma station farm in 1913, 
in which alfalfa was grown on manured and unmanured land. In 
i()r6, a soil survey was made of the station farm and ])art of the 
ex}>erinie3it was discontinued. At that time, one-half of the un¬ 
treated soil W'as limed with 2^12 tons of groutid limestone, asw^asalso 
one-half of the manured ground. The soil on w’hich this experiment 
is being conducted is Kirkland silt loam. A plot of adjoining land 
(ff this same ly])e has been growling oats continuously since 1916. An 
anah'sis of this soil was made in 1916, showing, among other con¬ 
stituents, the amount of nitrogen pre.sent. In January, 1924, eight 
years later, an anah\sis showing the total nitrogen content of each 

T,\ble I. —Showing nitrogen content of all plots in 1^24. 

(Average of duplicate determinations in each case) 


Plot No. 

Surface 6'-^3 inches 

Subsurface 
6*^3 to 18 inches 


Percent 

Percent 

Land North i* (1916) 

0.1050 

0.0910 

“ “ I 

0.0918 

0.0689 

Plot I. . 

. . 0.1146 

0.1019 

Oi;)posile i ... 

. . 0.0996 

0.0775 

Plot 2 . 

0.1012 

0.1189 

Opposite 2. . .... 

0.0978 

0.0741 

Plot 3. ... 

0.1304 

0.0967 

Opposite 3. 

.... 0.1104 

0.0658 

Plot 4. 

... . 0.1092 

0.0983 

Opposite 4. 

. 0.1098 

0.0747 

•This is the nitrogen content of the soil in 1916 



^Contribution from the Department of Agronomy, Oklahoma Agricultural 
Experiment Station, Stillwater, Okla. Received for publication March 25, 1924, 
^Associate Professor. 


363 






3^4 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

plot was made. These analyses are shown in Table i. The crops 
grown and> yields secured are given in Table 2. 


Table 2.— Showing yields of crops. 

Plot No. Crop grown Average annual yield per acre, 

1916-1923 

North I . Oats continuously 3^.97 bushels* 

Plot I. Alfalfa continuously 197 ^ pounds 

Plot 2. “ “ 3086 

Plots. “ “ 6261 

Plot 4. “ “ 6814 

Opposite I Various cereals and cotton No data — Nursery plots 

Opposite 2 .... “ “ “ ‘‘ ‘I 

Opposite 3 . ., . “ “ 

Opposite 4 . " . “ 


*6 yr. average 1917-1922 inclusive. Crop failure 2 years on account of insects 
and late freezes. 

Soil Treatments 

Plots North I, I, Opposite i, Oiiposite 2, Opposite 3, and Opposite 
4 have received no soil treatment. Plot 2 received an application of 
2^2 tons of groimd limestone in igi6. Plot 3 received an application 
of 12 tons of barnyard manure in 1913,while Plot 4 received tons 

of ground limestone in igi6 and 12 tons of mamirc in 1013. 

Effect of Different Crops 

The difference in effect of crops having a different kind of root system 
is quite pronounced. In 1916, the surface soil (North 1, igi6) con¬ 
tained .1050% nitrogen and the subsurface .0910%. In the spring of 
1916 this soil was planted to oats and has been jilanted to this same crop 
every year since. At the end of 8 years, the soil (North i) contains 
.0918% nitrogen in the surface and .0689% in the subsurface. The 
same type of soil immediately adjoining was planted to alfalfa in 1913 
and has grown alfalfa continuously since. It (Plot i) shows at the 
present time .1146% nitrogen in the surface and .1019% in the sub¬ 
surface. Another block of soil of the same type adjoining these i:>lots 
(Opposite 1) has grown some cereal, or cotton, practically every year. 
It shows .0996% nitrogen in the surface and .0775% in the subsurface. 

The results show that cereals have reduced the nitrogen content of 
the surface soil. With oats grown continuoUwSly, this amoimts to 264 
pounds of nitrogen per acre below what the original soil contained, 
or an average loss of 33 pounds per acre annually. The plot on which 
cereals of various kinds and cotton have been growm does not show 
so great a loss, but even this one shows an average annual loss of 13.5 
poimds per acre. The land on which alfalfa is growing shows a gain 
m nitrogen content. Very similar results occurred in the subsurface. 
Oats grown continuously reduced the nitrogen content, as did the 
various cereal and cotton treatments, while the alfalfa plot shows a 
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gain. Both the grain and straw on the oat plot were removed each 
year, while from the various cereal and cotton crops (unless a small 
grain was grown) the stalks were left on the ground. The alfalfa 
crop was removed as hay each year. 

On every plot where alfalfa was grown the nitrogen content of the 
subsurface in 1924 is greater than in 1916. This is shown in Table 3. 

Table 3.- -Showing nitrogen content of stihsurface soil, as affected by alfalfa grown 
continuously for eight years. 

Plot No. Nitrogen in subsurface soil 

Percent 


North I 1916 analysis .... ... 0.0910 

1 Alfalfa grown continuously (untreated) . . .. 0.1019 

2 “ “ “ (limed) . 0.1189 

3 “ “ “ (manured) ... 0.0967 

4 “ (manured and limed). 0.0983 


This shows that alfalfa is valuable in increasing the nitrogen content 
of the subsurface soil e\^en when the tops of the plant are removed as 
hay. Ver>" similar data were obtained for the surface soil, as shown 
in Table 4. 

Table 4.— Showing nitrogen content of surface soil, as affected by alfalfa grown 
continuously for eight years. 

Plot No. Nitrogen in surface soil 

Percent 

North i 1916 analysis . . 0.1050 

1 Alfalfa grown continuously (untreated) 0.1146 

2 “ “ “ (limed) . o 1012 

3 “ “ “ (manured) .0.1304 

4 “ ** “ (manured and limed) 0.1092 

In this case an exception occurs with Plot 2, in that it is not quite as 
high as the uinrented land in 1916, although this dilTerence is small. 
The subsurface of this plot is, iKnvever, ver}' much higher in nitrogen 
than was shown in 1916 and consequently the average nitrogen 
content of the first t 8 inches of soil is much higher than the original. 

Effect of Differeni’ Soil Treatments 

Where lime was applied to alfalfa (Plot 2), the nitrogen content 
of the surface soil is just a little below the content in iqih, while the 
vsubsurface shenvs a gain. The yield of alfalfa was greater cm Plot 2 
than Plot I. Lime tends to increase bacterial activity and nitrogen 
fixation. It would seem that the increase in }'ield of alfalfa was not 
in proportion to the nitrogen fixed by the bacteria in the surface soils 
while more nitrogen fixation took place in the subsurface than in the 
case of Plot i. This would seem to show that the nitrogen necessary 
for the increased \neld was taken largely from the surface soil in the 
case where lime is applied. A study of the results from Plot 4 seems 
to bear out this assumption. The same amoimt of manure was 
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applied to Plot 4 as to Plot 3, yet Plot 3 has much the larger quantity 
of nitrogen in the surface soil. A part of this difference may be 
accounted for in the slightly higher yield obtained on Plot 4; but 
certainly not all of it is due to this cause, because the total increase 
in yield for the 8-year period amoimts to only 4424 pounds of 
alfalfa. Estimating that one ton of alfalfa hay contains 40 pounds of 
nitrogen this would mean 88.5 pounds of nitrogen for the extra yield, 
yet the surface soil of Plot 4 contains 424 pounds per acre less nitrogen 
than does that of Plot 3, 

A further study of the subsurface of these plots would also tend to 
bear out the assumption that on limed soil the alfalfa takes most of 
its nitrogen from the surface. Plot i which is imtreated contains 
o.TOig% nitrogen, while the limed plot adjoining contains 0.1189%. 
The subsurface in the manured plots bear a similar relation. Where 
manure alone was used, the subsurface soil has a nitrogen content 
of 0.0967%; while where lime was applied the subsurface soil shows 
0.0983% nitrogen. Thus, where lime was applied either on soil not 
otherwise treated, or where treated with manure, the nitrogen con¬ 
tent of the surface soil is somewhat lower than the res])ective plots 
not limed. At the same time the vsubsurface soils show a higher 
nitrogen content than the respective check or manured alone plots. 
With any of the soil treatments, where alfalfa is grown, the nitrogen 
content of the subsurface is greater at the end of the 8 years than at 
the beginning For the other cropping systems, the nitrogen content 
of the subsurface has decreased considerably and is generally slightly 
decreased in the surffice soil. 

Acknowledgments 

Acknowledgments are hereby made to Professor 0 . 0 . Churchill, 
Doctor Wallace MacFarlene, Professor D. R. Johnson and others for 
work done in connection with this experiment; also, to Doctor C. K. 
Francis for the results of the 1916 ahalyses. 

AN EXPERIMENTAL STUDY OF THE VARIETY AS AN 
AGRONOMIC UNIT IN WHEAT AND OATS^ 

L. J. Stadler2 

Although the variety is essential!)^ a morphological group, it is 
used in agronomy chiefly as a physiological unit. A large proportion 
of current experimental work in crop production consists of the test- 

^Contribution from the Department of Field Crops, University of Missouri, 
Columbia, Mo. ^ Received for Publication March 17, 1924. 

^Assistant Professor. 
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ing of varieties for yield and reaction to specific environmental factors 
(diseases, insect injuries, drought, cold, and the like.) Plant improve¬ 
ment projects are based on these variety tests to a considerable ex¬ 
tent, selection being limited to the varieties found most productive. 
The ultimate object is to find the most productive seed stocks for 
practical crop production, and the principal function of the variety 
is in simplifying this task. Thousands of seed stocks varying in 
productivity are available to the farmer. The agronomist must help 
to choose one of these stocks as seed for his crop. OVjviously, the 
agronomist cannot test all of the available stocks. But all of these 
stocks can be grouj)ed in a relatively small number of morphological 
types, or varieties. The agronomist tests a representative of each of 
these varieties, and, on the V^asis of its performance, recommends or 
condemns the variety as a whole. 

Thus, the \^ariety test involves the assumption that all stocks 
me^eting a certain taxonc'mic description are similar in the physio¬ 
logical characters which determine yield and economic value. If the 
stock representing Fulcaster in the variety test outyield all other 
stocks tested, Fulcaster wheat in general is recommended, in other 
words, all wheat conforming to a certain standard taxonomic de¬ 
scription is rec( mmended on the basis of the performance of one stock 
of that descri])tion Of course, no agronomist believes that all 
plants belonging to the same variety are physiologically identical. 
The eifectiA^eness of pure line selection demonstrates that considerable 
di\ersity occurs within mo.st crop varieties. But the variety is tacitly 
avssumed to l)e a fairly homogeneous group of closely related and 
similar plants, differing sc'mewhat from one another, but distinctly 
differing as a group from ()ther groups of different taxonomic character. 
This assumption is im])lied in every variety test in which conclusions 
are drawn regarding the variety as a whole. Within the limits of 
its experimental accuracy, the variety test determines the relative 
value of the stocks tested. But it does not determine the relative 
value of the varieties the>' represent, unless its basic assumj)tion— 
that difl'erent stocks of the same variet\' are of practical]}' equal 
economic value—is correct. 

This fundamental assumption, which underlies so large a propor¬ 
tion of past and current experimental work in crop production, seems 
to have been quite generally accepted without any adequate ex¬ 
perimental basis. This paper is a preliminary report of some of the 
results obtained in an investigation of this question at the Missouri 
Station during the last five years. 
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EXPERIMENTAL WORK 

The object of this experiment is to determine the extent of variation 
in yield and other economic characters between pure and typical seed 
stocks within representative varieties of wheat and oats. The 
varieties used were Red Rustproof, Kherson, and Sixty-Day oats, and 
Fulcaster, Poole, and Red May wheat. The stocks tested were such 
as might have been obtained by a farmer in following the recom¬ 
mendations of an experiment station, or by an experiment station in 
beginning a variety test. These stocks were obtained from the United 
States Department of Agriculture, various state experiment stations, 
seedsmen, and Missouri farmers. Samples were requested under the 
names of the varieties mentioned above or their .smon^ms, as given 
by Etheridge (2)* for oats and by Clark, Martin, and Ball (i) for 
wheat. All stocks which were not ninety percent pure and true to 
the standard t^^pes, as described by these authorities, were discarded. 
Other stocks, cc^ntaining an appreciable ]>erccntage of impurity, were 
purified by roguing before being included in the yield tests. 

The yield tests of 1919 and 1921 were in quadruplicate 5-row 
blocks, planted with a 5-row nursery drill. The rows were 10 inches 
apart and t 8 feet long, cut to 16 feet in harvesting. Only the interior 
rows were considered in determining the yields. I'he ]ilot technic 
followed in these tests has been described in an earlier pai)er (3). 
In order to fiermit more replication of plots and the inclusion of a 
larger number of .strains, single-row plots were used in 1920, 1922, 
and 1923. These rows were hand-seeded and were of the same di¬ 
mensions as those mentioned above. The niunber of re])lications in 
these tests varied from eight to twelve. In all tests, check plots of 
the Station stock of the variety concerned were included as a basis 
for the determination of the probable error. The yields given are 
the actual ('unadjusted) yields. 

Kherson and v^'ixty-Day stocks were included in the same test, 
since these varieties are practically indistinguishable Etheridge has 
applied the name “Kherson'' to plants with yellow grains, and “Sixiy- 
Day" to plants with white grains. The original importations of both 
Kherson and Sixt>^-Day contained a mixture of yellow and white 
grains, and most of the seed stocks now on the market, except thovSe 
resulting from pure line selections, contain grains of both colors. 
In these experiments, therefore, no attempt was made to separate 
Kherson and SixtyJ)ay stocks. The two names were considered 
synonjTnous, following Warburton and Stanton (4). The proportions 

^Reference by number is to “Literature Cited,“ p. 371. 
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of white and yellow grains in each stock were determined by count, 
in each of the four seasons in which Kherson and vSixty-Day stocks 
were tested. No significant relatkm between color of grain and yield 
was found, nor did the stocks obtained under the name Kherson differ 
significantly in yield from thc^se obtained under the name Sixty-Day. 

The range in yield of the stocks of each variety tested is vshown 
in Table i. This table summarizes the results of thirteen independent 
experiments, in each of which several stocks of a single variety of 
wheat or oats were compared in yield. Thus, line 8 of the table 
means that, in 1922, fort\'-seven different stocks of Fulcaster wheat 
were included in a comparative yield test, each in nine replicate plots; 
that the lowest yielding stock yielded i7.<S bushels per acre, and the 
highest yielding stock 32.0 Imshels per acre; and that the probable 
error detennined from Ihe check j)lots was such that the average 
yield of 9 rejfiicate plots would be assigned a probaVfie error of 1.28 
bushels. 

In each case, the stocks of a single variety differed in yield by a 
coUvSiderable amount, well beyond the limits of experimental error. 
The relative range in yield is considerably greater in some cases than 
in others, a fact ])artly du<‘ to the different numbers of stocks tested. 
Each of the thirteen trials indicates too wide a range in yield to 
justify the use of the variety as an agronomic unit. 

It is possible that, in the exi)eriments of 1920, 1922, and 1923, in 
which single rod-row ])lots were used, the range of variation in vdeld 
was increased by cfnnpetition between stocks grown in adjoining 
rows. C(^m])etition in a test of strains, or stocks, of the siime variety 
is probably Tu»t so great a srmree of error as is cc'm])etition between 
different varieties (3), but it is ])robable that when extremely high- 
yielding and low-yielding stocks ha])i>ened to be grown side by side 
the difference btitween their yields was increased hy competition. 
In these j)reliminary experiments, it was necessary to use single-row 
])lots in order to permit the comparison of a large number of stocks 
with a fairly large number of replications. The ]>robal)le importance 
of competition in determining the yield differences can be roughly 
estimated fn m the relative \ields of stocks in adjoining rows. When 
a very high-yielding struck occurs between two low-yielding vStocks, 
it may fairly be assumed that its yield was incr(i<ised somewhat by 
itvS advantage in cx^mpetition. Feme of the extreme yields, both high 
and low, are questionable on this account. But in each single-row 
test wide differences in yield may also be found, which could hardly 
have been materially affected V)y cerntpetition. Furthermore, the fact 
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that competition has occurred would be in itself an evidence of 
rather wide agronomic dififerences between the stocks compared. 

The stocks of Fulcaster, Poole, and Red May were grown on 
adjoining plots in 1922, and their yields in this season are directly 
comparable. The variation within each of these varieties was far 
greater than the variation between their average yields. In other 
words, the results of a variety test including these three varieties 
would be entirely dependent upon the stocks which happened to 
represent them. A good strain of Fulcaster would far out-yield a 
poor strain of Poole, but a good strain of Poole would just as clearly 
out-yield a poor strain of Fulcaster. It happens that the Missouri 
Station stock of Fulcaster is one of the best of the Fulcaster stocks 
tCvSted, arki this may in part account for the fact that Fulcaster has 
been the highest yielding variety of wheat in the varietal experiments 
of this Station. If the Station had happened to obtain one of the 
pO(^rer yielding stocks of Fulcaster when the variety tests were begim, 
it might now condemn this variety as unadapted to Missouri conditions. 

In short, it seems that general varietal recommendations may 
frequently be in error because the stock included in the variety test 
does not fairly represent the variety to which the conclusions are 
applied. The result of the variety test may properly be applied only 
to the strains actually tested. In the case of pure line varieties all 
available stocks may be knoum to belong to the same strain, but in 
the case of ordinary commercial varieties, not knowm to be pure lines, 
theic is no reason to assume that the stocks meeting the same tax¬ 
onomic descriptions are necessarily similar in yield and value. Al¬ 
though Fultz may have been unsatisfactory in the variety lest, other 
stocks of Fultz may be very valuable. In plant improvement it is 
not safe to confine attention to varieties recommended as a result of 
variety tests. It is probably desirable to maintain a continual variety 
or strain test in which as^many different stocks as possible, regardless 
of their varietal classification, may be tested, new stocks being 
introduced constantly as old ones are eliminated. This is of course 
an unending task, for the number of available stocks is infinite, 
but it ma}- supply the plant breeder with a never-failing source of 
raw material for further improvement. 
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THE USE OF THE WORDS ANALYSIS AND FORMULA IN 
REFERENCE TO COMMERCIAL FERTILIZERS^ 

T. K. Wolfe 2 

Should “analysis” or “formula” be used to refer to the percentages 
of ammonia, phosphoric acid and potash in a commercial fertilizer? 
There is, at the present time, a lack of uniformity in regard to the 
use of these two words. A recent issue of a farmers’ magazine, im¬ 
portant in those states where commercial fertilizers are used in large 
quantities, used the words analysis and formula at different places 
in the .same article to refer to the percentages of ammonia, phosphoric 
acid and potash. Some textbooks on soils refer to these percentages 
by the use of the word formula and others by the use of the word 
analysis, Unlc'ss these two words are synonymous, they should not 
be used to designate identical ideas. Uniformity in usage of words 
is always preferable. 

The fertilizer industry uses the w^ord analysis to refer to the per¬ 
centage of ammonia, phosphoric acid and potash contained in a 
fertilizer. Thus, a 3“8-3 fertilizer is one which contains 3 percent 
of total nitrogen calculated as NHg, 8 percent “available” phosphorus 
calculated as P2O5, and 3 percent of water-soluble potassium calculated 
as K2O. Many agronomists are using the word analysis with the 
same meaning as that used by the fertilizer industry. Other agron¬ 
omists are using the word formula rather than analysis. 

A study of the derivation of the two words will give an insight as 
to their proper usage. The word analysis is derived from two Greek 
words, ana, up, and luein, to loose, with the meaning to unloose, to 
resolve. The wwd formula is derived from the Latin word forma, 
meaning a model. The formula for a fertilizer refers to the recipe or 
model, by which a mixed commercial fertilizer is made, after the 
analysis of the various materials to be used in making it is known. 
The analysis, therefore, logically precedes the formula. If the analysis 
of the proper materials is known, it is easy to calculate the amount 
of each necessary to compound a mixed fertilizer and to give the 

^Contribution from the Department of A^onomy, Virginia Agricultural Ex¬ 
periment Station, Blacksburg, Virginia. Received for publication March 27,1924. 

^Agronomist. 
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formula for making it. A fertilizer having a given analysis may be 
made by the use of any one of several formulas. A good illustration 
of this fact is the use of the fertilizer having a 3-8-3 analysis for dark 
and bright tobaccos in Virginia. This analysis has proved to be the 
best yet tested for these types of tobacco under Virginia conditions. 
However, the 'formula, or recipe, for making a 3- 8 -3 fertilizer for 
bright tobacco is different from that for dark tobacco. Tlie difference 
is concerned with the source of ammonia. For bright tobacco, it is 
recommended that two-thirds of the ammonia come from an inorganic 
source, such as nitrate of soda or ammonium sulphate, and one-third 
from an organic source, as tankage or fish scrap. For dark tobacco, 
the recommendation is that one-third of the nitrogen come from the 
inorganic source and two-thirds from the organic. 

Both the derivation of the words and the present usage indicate 
that, so far as commercial fertilizers are concerned, the word “analy¬ 
sis” should be used to refer to the peiTcntages of ammonia, phosphoric 
acid and potash, and the word “formula” to therecipefor compounding 
the mixture. 

BACTERIAL SYMBIOSIS IN PLANTS OTHER THAN THE 

LEGUMES^ 

J. K. Wilson- 

S\Tnbiosis, as usually defined, means the mutual living together of 
two individuals in which each receives some helpful contribution from 
the other. An es})ecially interesting example is furnished by legu¬ 
minous plants and the bacteria living in their root nodules. Probably, 
however, examples just as interesting may be fumished by other fami¬ 
lies of plants in which the bacteria live and develoji colonies either in 
the roots or in tlie above ground parts. 

It is the purpose of this review to point out some of the]Drobable 
s\anbiotic relations existing betw^een certain plant families, other 
than the leguminoseae and bacteria. For convenience of discussion, 
these relations may be divided into two parts. First, that form of 
symbiosis in which the bacteria or fungi live in nodules in the roots as 
in the leguminous family; and second, that in which the bacteria live 
mostly in those parts of the plant which grow^ above the ground. 
Only the latter fonn will be reviewed at this time. 

As early as 1887, Galeppe (i)^ reported the presence of bacteria 

'Contribution from the Department of Agronomy, Cornell University, Ithaca, 
New York. Received for publication March 31, 1924. 

^Professor. 

•Reference by number is to “Literature Cited,'’ p. 380. 
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within vegetable tissues. Sections of tissues of various plants when 
transferred aseptically to sterile medium nearly always produced 
bacterial growth. 

In 1890, Treub (2) observed an association between Spathodea 
Campanulata Beauv. and certain bacteria which developed in the 
flowering parts. These bacteria which .seemed to haVe had no bad 
effect upon the floral parts of the plant appeared most abundantly at 
the time of greatest secretion of liquids in the cal>oc. As the flower 
matured the liquid became putrid and ammoniacal. 

Seven years later, Koorders (3) studied the bloom bud hydathodes 
of certain tropical plants and found symbiotic relations existing 
between certain host plants and bacteria or fungi. The following 
summary of his results is of interest: 

Plant Organism in 

‘wasserkelchen’ 

Spathodeae campanulata.. . . Bacteria 

Clerondendron minahasse . . . Bacteria 

Parmentiera cerifera . Fungi 

Crescentia cujete .. . Fungi 

Heterophragma adenophyllum. Fungi 
Kegelia pennata .... Bacteria 

Sterospermum hyposHctum.. . Fungi (no bacteria 

seen) 

Acid 

Juanulloa parasitica . Fungi Alkaline 

Nicandra physaloides .. . Bacteria (no tungi 

seen) Alkaline 

It may be seen from this summary that both bacteria and fungi 
were foimd by Koorders in the bloom hydathode secretion and that, 
in most of the cases teported, the water was alkaline. The com¬ 
position of this liquid varied somewhat with age, but the following is 
given for Spathodeae campanulata: solids 0.65%, of this 0.45% was 
ash. This ash was largely carbonates, nitrates and sulphates of 
potassium, sodium and calcium. 

The following have been investigated by Koorders: 

Family: Bignoniaceae; (i) Spathodeae campanulata Beauv., (2) 
Paramentiera cerifera Seem., (3) Crescentia cujete Linn., (4) Kigelia 
pinnata D. C., (5) Heterophragma adenophyllum Seem. {Dolicha'ndrone 
adenophyllum Raciborski.) 

Family: Solanaceae, (i) Jochromamacrocalyx Benth., (2) Juanulloa 
parasitica Ruiz, et Pav., (3) Nicandra physaloides Gartn. 

Family: Verbenaceae\ (i) Clerodendron minehassae Teysm. et 
Binn., (2) Clerodendron splendens Don. 

Family: Scrophulariaceae; (i) Ilysanthes (Bonnaya) spec. 

Family: Zingiberaceae] (i) Alpine spec. 


Reaction of liquid 

Alkaline 

Alkaline 

Alkaline (Sap of plant acid) 


Acid 

Alkaline 
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In addition to these ^een plants, certain dried specimens have 
been examined. These include under the Bignoniaceae: Markjamia 
lutea Serm., Dolichandrone iomentosa, Senmr., and Heterophragm spec.: 
and under Melastomaceae; Bellucia and Myriaspora spec. div. and 
Kihessia echinata Cong. 

In all these plants, representing six families and nineteen species, 
either bacteria or fungi have been found. Their constant presence on 
the floral parts led Koorders to state that they were of the greatest 
importance in this association. He held, like Treub, that they were 
normal to the plants and necessary to the development of fruit. 
A further explanation of their presence was not oflPered. 

From the foregoing it is evident that bacteria may be found in 
plant tissues and in the floral parts of many plants. Plowever, Trimen 
W’as the first to locate nodules in the leaves of the Rubiaceen family 
and Zimmerman (4) was the first to show that these nodules were 
filled with bacteria. Zimmerman’s observations were confined to four 
species of a single family— Knhiaceen. 

Researches on Pavetta lanceolaia revealed nodules on the leaves 
similar to those described by Trimen. They were visible as bright 
green spots on the upper side of the leaves and were about pi mm. in 
dicuneter. Over the middle of the nodule was a depression in the 
epidermis. Under this lay a circular webbed body. When stained 
with haematoxylin and examined, nuclei, starch, and chromatophores 
were found. The cells in the webbed part and around it, when stained 
with ]:)Otassium iodide, were blue. The bacteria were found within 
this cell mass, but no cells Avere ])enetrated by the organism. Cover 
glass preparations of the organisms were eUvSy to make. Histological 
studies revealed that the nodule was started when the leaf was still 
in the bud. As the leaf developed the bacteria entered the tissue 
cell space through an opening which may have been a stomata. 
Further development of the leaf resulted in the opening becoming 
smaller and eventually closed and coA^ered with cuticle. Finally, 
there were several cells between the space occupied by the bacteria 
and the top of the leaf. 

Observations by Zimmennan of leaf nodule development on Pavetia 
angustifolia were very much the same as those on Pavetta lameloata. 
The nodules appeared on the under side of the leaf as dark green 
knots, I mm. in diameter, and on the upper side of the leaf just over 
the nodule there was a crater-like appearance. The bacteria were 
foimd both in chains and longer forms, and the author was in doubt 
whether the two forms were the same. 
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Working with Pavetta indica, Zimmerman found the plants to 
have a greater number of nodules which were scattered over a greater 
surface than was the case with the two plants just discussed. These 
nodules were observable on both sides of the leaf and appeared as 
dark green spots. The crater on the upper side of the leaf was scarcely, 
or not at all, visible. The nodules were i to mm. in diameter 
and anatomical studies revealed conditions very much the same as in 
Pavetta an^ustifolia. The nodules were filled with bacteria which 
were, for the most part, rcd-shai:ed, 3 to 4 microns long and were 
entirely dillerent from those in Pavetta lanceolata. 

The fourth member of this family, which Zimmerman worked with, 
was Grmmlea mikrantha. The nodules on the leaves of this plant 
were along the midrib of the leaf and the larger veins leading there¬ 
from. They were about 8 mm. long and i mm. broad. On the uj)per 
side of the leaf just over the n( dule was a deep gr(X)ve. The nodules 
also appeared on the young leases before they were fully grown and 
on examination the bacteria could be seen. This species has the same 
intracellular bacteria as that of Pavetta indica. 

These observations of Zimmerman show’ that four Rubiaceen species 
have nodules on the leaves and that bacteria are in the intracellular 
spaces. No data are given to show’ the probable effect of this bacterial 
grow^th and nodule develoimcnt upon the growTh of the plant. 
Zimmerman suggests s^anbiosis and bases his opinion on such ob¬ 
servations as green tissues, starch, etc. 

Not until Miehe (5) reported his observations of Myrsinaceen 
{Ardisia crispa) w’as the source and cycle of the organism apprehended. 

• Miehe traced the bacteria thruout the entire life of the plants from 
seed to maturity. In the seed, the bacteria w^ere found between the 
embryo and the endosperm. As the young plants grew’, the bacteria 
followed the growing tip to the new parts of the plant as they were 
developed. The bacteria w’ere found eventually thruout the entire 
plant and developed in masses in the intercellular spaces. When the 
fruit developed, the bacteria w’ere enclosed in the embr^^o sack and 
remained wdth the seed when the latter became full grown. This was 
described as the complete cycle. 

Subsequently Miehe (6) isolated the organism and described its 
growth on a niunber of media. Microscopic examinations of the 
organism were made and measurements recorded. He assigned to it 
the name Bacillus follicola. In some pure culture determinations, the 
organism fixed as much as 1.21 mgs. nitrogen, in other cases none. 
Miehe drew the conclusion that the organism fixed nitrogen. 
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Miehe suggests that this is a case of hereditary symbiosis and 
thinks that the findings of Zimmerman, with the Ruhiaceen, maybe 
similar in this respect. The uscfuhiess of such an hereditary associ¬ 
ation is evident when Ardisia is grown both with and without the 
bacteria, although no controlled inoculation experiments arc recorded 
by him. 

Boas (7) confirmed the findings of Zimmerman, in regard to 
anatomical relations and bacterial presence, and extended the list of 
plants in the Riihiaceen which have nodules in the leaves. In a 
summary, Boas presents the j^re^sent knowledge concerning the plants 
which have bacterial leaf nodules. They are: 

Rulnacccn: Pavetta indica, P. lanceolata, P, angustifolia, Grumilea 
mikrantha' Psychotria alsophila, Ps. umbcUaia and Ps. Bacterioplnla. 

Myrsinacecn: Ardisia crispa . 

Boas believes these different families are not subject to this form 
of bacterial disease, but that probably the bacteria play a more or less 
important role in the life of the plant. 

Simultaneously with the work which was being conducted by 
Miehe and by Boas, von Faber (8) was studying the possible symbiosis 
existing between bacteria and certain tropical plants. Working with 
Pavcita iudica L., P augustifolia 1 'hu., P lanceolaia Ekl., P. Zim- 
mcrnianniana Val , and Psychotria baiicriophila Val., he not only 
observed the nodules and isolated the organism but also determined 
the alnlity of the organism to produce nodules as well as its ability 
to fix nitrogen both in a.ssociation with its host plant and in pure 
cultures. 

Von Faber’s descri])tion (0) of tho-nodulcs and their develojiment 
agrees in the main with that given by previous observers and he 
states that hereditary li^ing together of bacteria and the Rubiaccen 
is a common occurrence In this family, all sub-vSpecies show this 
form of symbiosis. Trimen observed this in Ceylon, Winlder in Borneo, 
and Boas in Java. 

The bacteria were observed b}' von Faber in the seed, in the plant 
buds, and in the nodules on the leaves. They were easily isolated 
from the latter and grew well in a decoction of young leaves, gum 
arabicum, asparagin, di-potassium phosphate, and sufficient calcium 
carbonate to neutralize the medium. Folid medium for colony forma¬ 
tion consisted of the above with the addition of agar. On this solid 
medium, after five days, colonies appeared as small milky-white 
points. In 20 days, the colonies may be 2 to 3 mm. in diameter. 
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When removed with a needle, they were inclined to be viscous, 
resemblini^ the leguminous organism in this particular. 

Microscopic examinations of the organism from leaf nodules and 
from plate colonies gave considerable variation both in size and shape. 
Many iiTegular X and Y forms were observed, von Faber places 
the organism among the mycobacteria because it is single celled, 
irregular, rod-form, has no mycelium and no spores, and is non-motile. 
This is the same classification as Miehe gave to the organism from 
Ardisia (Myrsinaceen). Many of the salient characters of the organ¬ 
isms were determined. One of special interest in this connection was 
nitrogen fixation. 

Nitrogen Fixation by Bacteria from Leaf Nodules of the Rubiaceen 

(von Faber) 

A number of tests were made to determine the nitrogen-fixing 
power of the organism. Cultures known to effect inoculation were 
used. These were grown in a solution composed of the following. 
Decoction of seeds of Pavetta Zimmermanniana with 2% giun arabic- 
um. 0.5% potassium di-hydrogen phosphate and sufficient calcium 
carbonate to neutralize the meditun; 100 cc. of this were inoculated 
and incubated twenty days. The following summary shows the 
nitrogen in 200 cc. of the medium. 

In control In culture Increase 

12.256 mg. 2i,Q5omg. 9.694 mg. 

12.256 31.848 19.592 

3 2.243 24.102 11.243 

12.243 25.006 12.750 

The second test to determine nitrogen-fixation was conducted in 
a nitrogen-free meditun. In 1000 cc. of water, the following were added: 
20 gm. gum arabicum, 0.5 gm. KH2PO4, o.oi gm. MgvS04, 0,5 gm. 
CaCOa and traces of NaCl and FevS04. 100 cc. portions of this 
solution were inoculated with pure cultures from Pavetta Zimmer- 
manmana and incubated twenty days. The nitrogen in 200 cc. at 
the close of the experiment is shown in the following tabulation. 

In control Inoculated Increase 

1.232 mg. 7.642 mg. 6.230 mg. 

1.232 6,360 5.128 

1.232 2.456 1.224 

1.232 ^ 7-233 6.001 

Another test was conducted in which 0.1% asparagin was added 
and increases of 8.202, 13-994, and 5.369 milligrams of nitrogen were 
reported. 
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Von Faber concludes from these results that the organism fixes 
nitrogen when in pure culture, and a greater fixation is observed 
when a small amount of nitrogen is furnished in the culture medium. 

As evidence of symbiosis between the Rubiaceen and bacteria 
Pavetta Zimmermanniana seeds were freed from the bacteria by 
treatment with hot water and ])lants grown in the absence of the 
bacterial STOibiant. They were compared with plants naturally 
inoculated. The results show that bacteria-frec plants in ordinary 
earth were never as good as those containing bacteria. By the time 
the bacteria-free ])lants had their first two leaves developed, the 
bacteria-containing plants had three to four leaves. After six month’s 
growth, bacteria-free plants were on an average 8 cm. high, with an 
average of four pairs of leaves; while the bacteria-containing plants 
showed an average height of 14 15 cm. and seven to eight pairs of 
leaves. In the former, the leaves were 3-5 cm. long, while in the 
latter they were 4-8 cm. in length 
AVhen similar experiments were ('onducted in sand, without fixed 
nitrogen, it was ewident that the plants with which bacteria were 
associated were able to get their nitrogen vSU])])ly from the air. Those 
plants which were without bacteria developed slowly, their leaves 
were yellow green, and the plants showed nitrogen starvation. 

In water cultures to determine the sxmbiotic nitrogen fixation, 
the greatest care was exercised io prevent contamination by absoq^- 
tion of anuncmia. Nitrogen-free chemicals were used. A nutrient 
.solution known to give good ])lant growth w’as u.sed. An exjieriment 
with P. Zimmermanniana lasted three months and gave the following 
results: 

Nitrogen in dry matter Nitrogen increase 



grams 

grams 

Bacteria-free jilants without nitrogen 

0.0175 

—0.0017 


0.0185 

4-0.0005 


0.0158 

0.0240 


0.0584 

4-0.0402 

Baclena-free plant.s with nitrogen 

0.027b 

-f o.(X)g4 


0.0442 

4 0.0260 


0.0288 

4o.oio6 


0.1174 

40.0992 

Bacteria-containing plants without nitrogen 

0.0885 

4-0.0704 


0.1151 

4-0.0969 

Bacteria and plant with nitrogen . . . 

0,1624 

4-0.1442 

0.1446 

4-0.1264 

0.1824 

40.1642 


It may be noted that plants grown without access to nitrogen other 
than that contained in the seed, when supplied with the bacterial 
symbiont, increased their nitrogen content approximately three to 
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SIX times. The author concludes that the plants with bacteria can 
secure their supply of nitrogen from the air. 

Von Faber refers to the observations of Miehe on MyrsinaceenaxiA 
compares them with his own on the Rubiaceen. Except for a few 
minor details the development of nodules on the plants of the two 
families is very similar. The bacteria of ^ 4 a resemble those of the 
Rubiaceen though there are some differences. In both cases, however, 
von Faber assumes that the bacteria draw their energy from the 
secretions of the surrounding cell membrane since they develop 
extracellular. 

Von Faber extended the observation of Miehe as regards sxmbiosis 
of bacteria with Ardisia. While Miehe worked with A. cumin^iana 
A. DC.&A. Goenoeny Tjislak, von Faber examined A, crenulata Lodd 
and A, djampang. On these, he observed bacteria in the vegetative 
points. Seeds were not at his disposal. Thirty other Ardtsia were 
examined. He found all except one abundantly supplied with bacteria 
in the buds. Seeds of these thirty species were also not at his dis])osal. 

SUMMARY 

The gradual accumulation of data on this subject of bacterial 
symbiosis in plants other than the legumes leads one to make the 
following statements: 

Bacteria may be found not onl}' in the tissues of a great number of 
plants but also in the buds, flowers and seeds. 

In certain cases, the bacteria which are fotmd in the seed may pass 
thru the tissue of the growing jilantlet and subsequently ap])ear in 
the leaves and bloom and finally eptcr and remain with the growing 
seed. This condition may be called hereditary symbiosis. 

In two families, the Myrsinaceen and the Rubiaceen, hereditary 
symbiosis has been observed; while it is suggested in many others. 

The bacteria in symbiosis wdth the Rubiaceen enable the latter to 
secure the free nitrogen from the air for its own use. 

These bacteria from plants of the Rubiaceen family and possibly 
from the Myrsinaceen family, when grown under suitable conditions 
in culture medium, increase the nitrogen content perceptibly. 

Rubiaceen plants, when deprived of the bacteria and grown in a 
nitrogen-poor .substratum, show nitrogen starvation and fail to in¬ 
crease their nitrogen content. 

Myrsinaceen plants when deprived of their bacterial symbiant, 
grow poorly aiid show nitrogen starvation. 

I. Galeppe, V , Note sur la presence de micro-organisms dans les tissus vegetaux. 

In Compt. Rend. Hebd. de la Soc. de Biol. Ser. 8: Tome 4 410-416,557-560. 

1887. 
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THE WEATHER AS A FACTOR IN CROP PRODUCTION^ 

F. L. Musbach AND M. L. King^ 

Id expcriiDeDtal work with fertilizers, odc of the important questions 
with which investigators are concerned is the effect of various treat¬ 
ments on crop yields It is laiown, of course, that very frequently 
the fertilizer effects are masked by weather conditions to such an ex¬ 
tent that it is impossible to obtain consistent results which may be 
ascribed to any particular treatment. This is especially true on the 
lighter sandy tyjies of soil. The distribution as well as the total 
amount of rainfall, and the temperature conditions must, therefore, 
be taken into consideration in interpreting yields obtained during 
any one year. 

At the Spooner Branch Experiment Station, the writers have had 
occasion to study the effect of temperature and precipitation on the 
yields of corn during the years igicS, igig and iq2o. The station is 
located in the jack ])ine belt, the soil of which is mapped as Plainfield 
sandy loam b}" the Wisconsin soil survey. The soil mass contains 
considerable fine and medium sand with some gravelh^ material in 
the surface soil. The subsoil is sandy and gravelly in character. 
The soil type is influenced markedly by moisture conditions. 

The rotation consists of coni, oats and clover. The fertilizer ex¬ 
periment involves primarily a study of manure and crop residues 
supplemented by phosphates and potash in var^dng amounts. In 

|Contribution from the Spooner Branch Experiment Station, Univer.sity of 
Wisconsin, Marshfield, Wise. Received for publication April 3, 1924, 
^Associate Professor of Soils, and Field Assi.stant, respectively. 
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the following table is indicated the climatological data together with 
other information concerning the yield and rate of growth. 

The yield of com only is reported. It will be noted that in 1918 
the average yield of all of the fertilized plots was 46.9 bushels per 
acre, while the unfertilized yielded about 3 bushels less. This is 
about the average ^neld of com that may be expected on this soil 
type. The temperatiue during the important com-growing months 
was nearly nonnal, though July was somewhat cooler than the 
average. June was a diy' month and this is responsible for the yield 
not exceeding the average for vsoils of this type. The rate of growth 
from June 25 to date of tasscling, July 19, is a trifle over i.i inches 
per day. 

The year 1919 was an especially favorable com season. The tem¬ 
perature was considerably above the normal, especially during June. 
The rainfall was satisfactory and, what is also quite important, the 
distribution was ideal. The yield of the fertilized plots averaged 72.1 
bushels per acre, while the unfertilized 65.33. wStimulated by the 
w’arm weather and ample moisture the daily growth was nearly 2% 
inches. This abnormally high yield is attained on soil of this type 
when moisture and temperature conditions are ideal as illustrated in 
1919. 

The year 1920, on the other hand, was one of the poorest seasons 
on record. The average yield on the fertilized plots was less than 20 
bushels per acre and about one bushel less for the unfertilized. The 
growing season was characterized by unusually cool weather, especial¬ 
ly during June and July. The rainfall conditions were quite satis¬ 
factory, in fact every month, except August, showed above the normal 
rainfall June and July arc as a rule the im^x^rtant corn months. 
The distribution of rainfall duringjuly wasratherunsatisfactory, over 
one-half of the rainfall coming on the 23th. The cool weather, there¬ 
fore, together with a rather unsatisfactory distribution of rainfall were 
primarily the causes for the low average yield of com. The daily 
rate of growth, however, was satisfactory. Most of this growth was 
produced during June. 

It is also interesting to note that the total rainfall for the six 
months shows but little variation from year to 3^ear. The distribution, 
however, varies quite widely. The average of the yield for the poorest 
year with that of the best (that is, 1919 and 1920) is about the 
normal crop, as represented by the year 1918. 



THE RELATIVE VALUE OF THE ANNUAL WHITE, THE 
BIENNIAL WHITE, AND THE BIENNIAL YELLOW 
SWEET CLOVERS^ 

A. C. Arny and F. W. McGinnis^ 

INTRODUCTION 

The wide spread attention given to the discovery and development 
of the annual white sweet clover has resulted in the expression of 
keen interest with regard to the merits of this clover in comparison 
with the biennial sweet clovers with which it is found to be in compe¬ 
tition in some repects. 

Until recently the limited amoimt of the annual white vSweet clover 
seed available made it impossible for this plant to become established 
over any large area, or for its practical worth to be identified. Since 
this clover produces seed the same year that it is sown, it has been 
possible to develop rapidly and to extend greatly its use. 

The value of the biennial sweet clovers has long been recognized, 
as they occupy a well defined place in the agriculture of the upper 
Mississippi Valley. Their use is chiefly as a pasture crop, altho in 
regions where they are well adapted they arc grenvn to a considerable 
extent for hay and for green manuring purposes. Under certain 
conditions, the more rapidly growing annual white sweet clover is 
better suited to such uses than arc the biennial sweet clovers. 

Because of the growing interest in annual white sweet clover, a 
sc'ries of investigations have been conducted in Minnesota to learn 
more about the characteristic properties and behavior of this clover 
in comparison with the biennial white and the biennial yellow sweet 
clovers. Due to the fact that the sweet clovers are sensitive to acid 
soil conditions, and to a lesser degree, possibly, to climatic changes, 
the investigations were arranged to incorporate the wide range of 
environmental differences found in this state. A series of plot trials 
were laid down at the central station at University Farm, St. Paul, 
MinncvScta, and also at the branch stations located at Crookston, 
Waseca and Duluth. 

The chief points of interevSt in this investigation are the yields of 
forage, the quantities of roots remaining in the soil, and the ac- 

Tublished with the approval of the director as Paper No. 4600! the Journal 
Series of the Minnesota Agricultural Experiment station. University Farm, St. 
Paul, Minnesota. Received for publication April 18, 1924. 

^Head of the Section and Assistant Professor of Farm Crops, respectively, in 
the Division of Agronomy and Farm Management, Department of Agriculture, 
University of Minnesota. 
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cumulation of nitrogen by each of the clovers. Nitrogen determina¬ 
tions were made on the forage, thus indicating the amoimt of nitrogen 
removed in the hay crop, or the amoimt returned to the soil ivhen 
the crop is pastured or used for green manuring purposes. Nitrogen 
determinations were also made on the root material to indicate the 
amoimt accumulated in this way. The annual and biennial sweet 
clovers differ widely in this regard, as the data reported below indicate. 

Entirely apart from the yielding power of the annual and biennial 
sweet clovers, there is the well known difference in plant habit of 
giTjwth which makes the annual variety more desirable to sow in 
the spring, if the land must be plowed in the autumn of the same year. 

PLAN OF EXPERIMENT 

In 1921, a preliminary experiment was conducted at University 
Farm, St. Paul, and in 1922 the ])roject was extended to include the 
branch stations as indicated above. In all cases, the sweet clovers 
were seeded at the rate of 12 pounds per acre, the seed being .sown 
on well-pre])ared soil at grain planting time, on plots 132 x 8 feet in 
size. There were three plots of each seeding. The yields of forage 
were taken from the second cutting when the clovers were in full bloom. 
The unit was 6 square yards for each ])lot. The root yields were de¬ 
termined by taking all roots in two square yard areas in each plot to a 
depth of 12 inches. From these units, the yields arc computed on the 
acre basis. vShrinkage samples on both top and root material were 
taken to serve in calculating the yields on the dry basis The dry 
weight gives the actual organic material i)roduced and makes possible 
the calculation of the acre yield of nitrogen. The i)ercentage of 
nitrogen contained in the tops and root residues was determined for 


Table i. —Comparison of annual white^ biennial white and biennial yellotv sweet 
(lovers in yield oj green material and dry matter per acre contained in the 
hay and the roots to a depth of 12 inches ^ together with the per- 
centages of protein on the dry basis and pounds of 
protein per acre. University Farm, St. Paul, 

Minn., IQ21. 


No. of Yield per acre Per- 

plants Green material Dry matter Protein centage 
per Pounds Tons Pounds Tons Ptiunds of 


sq. yd. 

Tops 


Annual white... . 

142 

8739 

Biennial white . ... 

126 

5297 

Biennial yellow. 

Root residues 

262 

7717 

Annual white . . 

. 142 

402 

Biennial white. . .. 

126 

3724 

Biennial yellow. 

. 262 

5132 


per acre protein 


436 

2375 

1.18 



2.64 

1294 

.64 



3.85 

2691 

1*34 



.20 

243 

-.12 

21.2 

8.66 

1.86 

1387 

.69 

322.6 

23.10 

2.56 

1874 

•93 

3696 

19-93 
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each plot, and for the convenience of discussion as well as to compare 
with former work, it was thought advisable to carry the nitrogen 
results in terms of i)rotein (NX6.25). 

Table i wshows the summary of the preliminary results obtained at 
University Farm in 1921. 

This test was carried out on a plat of land which had been in com 
one year, following alfalfa. The soil was conducive to high yield 
and to a high percentage inoculation of the clovers. During the first 
year of growth, the top yield of the biennial yellow clover, on the dry 
basis, is no percent greater than that obtained from the biennial 
vrhite. This difference is due largely to the lesser stand of the latter, 
as indicated by the number of plants per square yard. The stand of 
the biennial yellow is 107 i)ercent greater than the biennial white, 
which must be considered to compensate for this yidd difference. 
The annual white sweet clover, with a stand slightly more than one- 
half that of the biennial yellow, yielded 13 percent less than the latter. 

The quantity of root residues of the biennial white sweet clover is 
470 percent greater than that of the annual white. This is very 
significant in view of the fact that the top yield of the annual white 
is 84 ])ercent greater than the biennial white sweet clover. An 
analysis of the data showing the amount of nitrogen left in the soil 
by ro(’)t formation shows the annual white sweet clover to be far 
inferior to the biennials in performing this valuable function. This 
is due to the much lower yield of dr\" matter as well as the fact that 
the ])rotein jiercentage is less than one-half that found in the biennials. 
The percentage (^f jirotein contained in the ha\^ or top portion of the 
plant is nearly the same for the three sweet clovers The protein 
])ercentage is a significant consideration if the roots only are to be 
depended tqion to acciunulate the organic nitrogen and the hay is to 
be removed as a forage This preliminary experiment shows the 
protein collected and held in the roots to be 21.2 pounds per acre for 
the annual white, and 322,6 pounds and 396.6 ]>otmds, respectively, for 
the biennial white and the biennial yellow sweet clovers. 

Resclts at Umversity Farm in 1922 

In 1922, the more comprehensive plan was outlined to include the 
three branch stations as indicated above. At University Farm one- 
half of the entire series of sweet clover plats was limed at the rate of 
two tons per acre. The soil at Uniyersity Farm is slightly acid in 
reaction and it seemed advisable, for comparative results, to determine 
the response the clovers would make under a condition generally 
accepted as more favorable to their growth. Since there appears to 
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be a difference in the effect of lime on the annual as compared with the 
biennial varieties as far as yields of dry matter and protein are con¬ 
cerned, the data are given for both the unlimed and the limed areas. 
These data are shown in Table 2. 

Probably the most outstanding and important fact to be discovered 
from these data is the comparative yields of dry matter contained in 
the tops and root material of the three clovers on the limed and un¬ 
limed areas. The yields of tops, on the dry basis, from the limed area 
are 111 percent for the annual white sweet clover, 66 percent for the 
biennial white, and 124 percent for the biennial yellow greater than 
those from the unlimed areas. The amount of protein contained in 
the tops of these clovers is almost in proportion to the dry weight 
produced. The percentage of protein in the sweet clovers varies but 
slightly between the limed and unlimed soils; however, the percentage 
of protein in the annual white is approximately 5 percent lower than 
that of the biennials in both cases. 

It would be reasonable to sux)pose that the root residues would make 
comparable gains on the limed soil, where the growth of these wsweet 
clovers is greatly favored. The root deposits are increased under 
the limed condition; but this increase is not proportional to that 
obtained in the yields of tops. However, the yields of roots, on the 
dry basis, are 22 percent for the annual white, 34 percent for the 
biennial white, and 7 percent for the biennial yellow sweet clovers 
greater than those from the imlimed soils. The percentage of protein 
contained in the roots, unlike that for the toi)s, is consistently greater 
in the material from the limed soil. This difference is slight; but 
this factor, combined with the marked increase in dry matter pro¬ 
duction, produces a much higher nitrogen deposit in the soil on the 
limed area. 

By assembling the dry matter weights of the toi)s and the roots 
to indicate the comi)lcte yields v)f the three sweet clovers on limed 
and imlimed soils, the adax)tability of soils at University Farm for 
the growth of sweet clovers is made clear. The total weight of the 
annual white sweet clover is 96 iiercent, the biennial white 53 percent, 
and the biennial yellow 44 percent greater on the limed than on the 
unlimed area. The acre yield of nitrogen varies from 50 percent gain 
in the biennials to 130 percent gain in the annual white on the limed 
soil above that on the unlimed. 

Comparative Yields of Sweet Clover Hay at University Farm, Crookston 
Waseca, aND Duluth 

From the data presented above it is quite obvious that for the 
successful growth of sweet clovers at University Farm, it is necessary 
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to use a comparatively heavy application of lime to obtain satisfactory 
results. Hencei, in studying the comparative performance of the 
sweet clovers at the different vStations it is thought advisable to use 
only the data from the limed soil at University Farm, as this repre¬ 
sents more nearly a normal growth condition. 

Table 3 shows the yields of green and dry weight of tops obtained 
from the annual white, biennial white and biennial yellow vSweet 
clovers, grown at University Farm, Waseca, Crookston and Duluth. 
At Waseca, the sweet clover was growm on unlimed land. Somewhat 
larger yields of sweet clover are secured on limed than on tmlimed 
land at Waseca. At Crookston applications of lime are not essential 
for the best growth of sweet clover. Lime had been applied to the 
land on which the sweet clover was grown at Duluth. 

For convenience in discussion, the comi)arative yields of tops of 
the sweet clovers have been inter])reted in terms of percentage. At 
all stations the yield of annual white sweet clover is represented by 100. 
Deviati(m from this is expressed in ])ercentage differences Also, to 
make clear the comparative yields of the clovers at the different 
stations, the results obtained at Cniversity Farm in each case are 
represented by 100. 

The yield of the annual white sweet clover tops, on the dry basis, 
is a])])roximately 15 percent greater than that of the biennial white 
and 35 percent greater than that of the biennial yellow as an average 
of the trials at the four stations. While the clovers do not yield alike 
at the different stations, in each case the annual white produces the 
largest tojj yield and the biennial yellow the lowest. On the limed soil 
at Universit}' I'ann and at Crookston and Waseca where the soil and 
climatic conditicnis are conducive to ra])id growth, the annual white 
sweet clover exceeds the biennials, especially the biennial yellow, in 
yield of hay. At Duluth, where environmental conditions are less 
favorable for rajhd growth and high yields, the annual white sweet 
clover outyields the biennials by a very small margin. It would seem 
that the com]3arative yields of hay of the annual and the biennial 
sweet clovcTS are dependent to a considerable extent upon the seasonal 
environment. 

The average yields of tops of the three sweet clovers at Crookston 
are 53 percent gi'eater than the average at University Farm. The 
yields at Waseca are 47 percent greater than those at Unh’-ersity 
Farm, w^hile the results from Duluth show the annual w^hite and bi¬ 
ennial white sweet clovers to be slightly less. The yield of biennial 
yellow sweet clover is a little higher than at University Farm. 



JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 










ARNY AND MCGINNIS: SWEET CLOVERS 


391 


The most important conclusion to be drawn from the data showing 
the top yields of the sweet clovers, determined the same year as they 
were sown, is that the annual white exceeded the biennial white by 
approximately 15% and the biennial yellow by 35%. In all cases, 
the biennial white outyields the biennial yellow; but this difference 
is not as great as that between the annual and the biennial white. 

Although no data concerning yields of tops from the biennial 
clovers in the second year from seeding are presented, it is reasonable 
to assume that the yields of tops from the biennials in two cro])S dur¬ 
ing the second year wcjuld be larger than that from the annual grown 
the same year. 

It would be expected that the root residue of these clovers should 
be in proportion to the yield of tops; but upon studying the data for 
the yields of roots, the reverse order is found to prevail. The sweet 
clover i)roducing the largest top yield deposits the lowest yield of 
root residue. 

Comparative Yields ok Root Residves at University Farm, Waseca, 
Crookston and Duluth 

The yields of root residues from each of the clovers at each of the 
four stations are shown in Table 4. In each trial, the root residue is 
greatest from the biennial yellow sweet clover. The biennial white 
produces from 25 to 50 percent less, while the annual white yields 
only*a small fraction of the biennial deposits. The weight of root 
residues of the annual white sweet clover at Waseca is less than one- 
tenth of the average for the Viiennials. The difference is large at 
University Farm, where the annual white deposits approximately 
one-fifth the amount left by the biennials; while at Crookston and 
Duluth the biennial root yields are not twice as much as the annual 
white. There appears to be a very much wider variation in the 
production of the root systems of the sweet clovers at the different 
stations than there is of the top portions of the plants. A satisfactory 
explanation for the wide variations in the root yields at the different 
stations cannot be fotmd from a study of the records of climatic 
changes. It is probable that a soil environment conducive to rapid 
growth has a tendency to increase the proportion of yields of roots 
of the annual white sweet clover as compared with the biennials, in 
an order which is inverse to that of the yields of hay. 

No determinations of drj^ matter in the biennial roots the second 
season from planting were made. The data secured from the first 
year of growth indicate that the dry matter in the roots of two crops 
of the aimual white could scarcely equal that laid down in the roots 
of the biennials ditring the first season of growth. 
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In order to have a record showing the complete performance of 
each of the clovers at the different stations, the data for top and root 
yields are assembled in 'J'able 5. This will make more definite the 
comparison between them. 

There is no consistent difference between the yields of the biennial 
white and biennial yellow sweet clovers when the entire plant, tops 
and roots, is used as the measure. At University Farm and Waseca, 
the 1)iennial white and biennial yellow yield practically the same. At 
Crookston, the l)iennial white outyields the biennial yellow by 15 
percent. Averaging the results of total production at the four stations, 
the biennial sw^'ct clovers yield a total dry weight of approximately 
25 percent more than the annual white sweet clover. 

The suitabilit)' of the regions ff)r sweet clover production is made 
clear by a study of the summary of the above table. The average 
yield of the t(^]) and root material of all the sweet clovers at Crookston 
is api)roximately 75 i)ercent greatcT than at University Farm. The 
total yield at Wasec'a is 04 percent greater, \vhile at Duluth their 
yield is 12 ])ercent less than at University Farm. 

Perceni aoe of Protein Contained in the Top and Root Materi.vl 

In order to estimate the amount of nitrogen accumulated per acre, 
it is necessarx' to determine the percentage of nitrogen in the top and 
root material. Table 6 shows the differences in j^rotein percentages 
(NX6.25) in the clovers at each station. 

As an average for the four stations, the percentage of protein con¬ 
tained in the tops is the same in the two biennial sweet clovers. The 
biennial sweet clovers carry 16 79 percent ])rotein and the annual 
white contains 14.65 i)ercent. The percentage of ])rotein contained 
in the root material of the biennial white and biennial yellow sweet 
clovers, like that of the t(»]) portion, is approximately the same; but 
the annual white root material contains less than one-half that found 
in the biennials. The biennial roots contains 18.3 4 jiercent protein and 
the annual white 8.44 percent. This is very significant in affecting the 
acre yield of nitrogen deposited. 

The effect of the percentage of jirotein as related to the total acre 
yield of nitrogen can be determined by computing the pounds of 
protein produced per acre from the top and root material for each of 
the sweet clovers at the different stations. Table 7 shows the ac¬ 
cumulation of protein in the top and root material for each of the 
sweet clovers. 

As the percentage of protein in the tops of the biennial sweet 
clovers at each station is very nearly identical, the acre yield of protein is 
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in proportion to the dry matter produced. The percentage of protein 
in the annual white is somewhat lower than that contained in the 
biennials, but, due to the higher production of dry matter, the 
accumulation of protein in this plant is the same as in the biennial 
white, but 25 percent greater than is found in the biennial yellow 
sweet clover. Due to the fact that the annual white sweet clover 
roots contain less them one-half the protein percentage that is con¬ 
tained in the biennials and that the yield of dry matter of the latter 
is five to seven times as great, the collection of nitrogen in the roots 
of the annual white sweet clover is only approximately one-tenth as 
much as is contained in the biennial white and one-fourteenth as much 
as is found in the biennial yellow sweet clovers. 

The total production of i)rotein in the tops and roots is 55 percent 
greater in the biennial white and 61 percent greater in the biennial 
yellow’' sweet clovers than that contained in the annual white sw^eet 
clover plant. 

vSUMMARY 

The results secured under the conditions prevailing in the sections 
of the state where the trials were made may be summarized as follows: 

A preliminary trial, in ig2i, gave yields in dry matter of tops for 
the annual and biennial varieties aiiproximately equal; but yields 
in dry matter of roots very greatly in favor of the biennials. The 
protein percentage in the roots of the biennials w’as also much higher 
than in the annual variety. 

^'he results at University Farm in 1922 confirm the results obtained 
in 1921 and further indicate that, on soils deficient in lime for the 
sw^eet clover crop, all the varieties w^ere materialh' benefited by 
apjilications of lime, the annual variety apparently being benefited 
to a greater extent than the biennial varieties. 

As an average for the trials at four stations in 1922, the annual 
white variett' yields 15 percent more dry matter in the tops than the 
biennial white and 35 percent more than the biennial yellow^ variety. 
On the heavier soils at Waseca and Crookston, the yields of dry 
matter in the toj)s were larger than at University Farm, w^here the 
subsoil is a gravel. At Duluth, the yields of tops were equal to those 
at University Farm. 

The percentages of protein in the tops of the three varieties were 
approximately equal. 

The annual white variety produced larger yields of tops but lower 
yields of roots than the biennials. There was greater variation in the 
dry matter yields from the roots than from the tops. 

The amount of dry matter in both tops and roots is (with one ex- 
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ception) considerably in favor of the biennial varieties. On the 
average, there is approximately a 25 percent advantage in favor of 
the biennials in this respect. 

The percentages of protein in the roots of the annual white variety 
were uniformly lower than the percentages in the roots of the biennials. 
The average for the annual is 8.44^^, and for the biennials 18.34%. 

The total production of protein in the tops and roots is 55 percent 
greater in the biennial white and 61 percent greater in the biennial 
yellow sweet clovers than in the annual white variety. 

Where an annual hay crop is desired and the effect on the land is 
a secondary consideration, the greater yield of hay or of pasturage 
in the same season that it is scAvn should establish a use for the annual 
white variety, provided seed is ]:)roduced in vSuch quantities that the 
cost for seed is not higher than the seed cost of other crops that may 
be used for this purpose. 

AN INQUIRY INTO THE REASON FOR THE LARGE AC¬ 
CUMULATION OF NITRATES IN SOIL FOLLOWING THE 
GROWTH OF CLOVER OR ALFALFA^ 

T. L. Lyon, J. A. Bizzell, and B. D. Wilson^ 

The beneficial effect of the growth of clover on the producti\x^ness 
of soil is comnion to almost all regions Ev^en when the hay is removed 
and only the stubble and roots are incor})orated in the soil the effect 
on succeeding crops may usually be noted, except where nitrogen is 
not the limiting factor in plant growth. It is rather common to assume 
that this property of the clover plant is due to the store of nitrogen 
which it lays up in the soil, as the rcvsult of its fixation of that element 
from the atmosphere. While there may usually be an increase in the 
nitrogen content of soil resulting frcjm the growth of clover c^r alfalfa, 
such is not always the case, as has been definitely shown by Swanson 
(i)® and indicated by the experiments of Lyon and Bizzell (2). In 
spite of the fact that there appeared to be little or no more total 
nitrogen in the soil on which alfalfa had grown for six years than in 
that on which timothy had growm for the same length of time, the' 
nitrate nitrogen was found, by Lyon and Bizzell (3), to be more 
abundant following a crop of alfalfa than following timothy. 

It was with the purpose of attempting to determine why nitrate 
nitrogen is more abundant in a soil following the growth of clover 

KUontribution from' the Department of Agronomy, Cornell University, Ithaca, 
New York. Received for publication April 24, 1924. 

^Professor, Professor, and Assistant Professor, respectively, of Soil Technology. 
•Reference by number is to “Literature Cited,“ p. 405. 
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than of timothy that these experiments were bcj^im. A preliminary 
report (4) was published in iqk). This contained a review of the 
literature dealinj^ with (1) the capacity of a soil to form nitrates from 
the nitrogen remaining after the growth of certain legumes, and (2) the 
power of the soil to form nitrates from nitrogenous organic matter or 
ammonium salts when brought into the laboratory and incubated. 

It will not be neces.sary to make any further references to the 
literature of the subject nor to review the preliminary report. The 
following paper deals only with those experiments which were con¬ 
ducted aftcT the ])reliminary report was made. The special apparatus 
consisting of cans or c}dinders mounted on trucks in which the plants 
were gro^^Tl and in which the soil was leached are described in the 
previous paper. 

THE EXPERIMENTS 

The cans having been heavily leached after removing the oats and 
maize grown in the summer of 1918, the soil was removed from each 
can to a dejith of twelve inches and after the large roots were removed 
the soil was mixed with the following materials: 

80 grams ground limestone =4000 lbs. per 3,000,000 lbs. soil. 

40 grams dried blood =2000 lbs. per 3,000,000 lbs. soil. 

10 grams acid phosphate = 500 lbs. per 3,000,000 lbs. soil. 

5 grams muriate of ])otash= 250 lbs. per 3,000,000 lbs. soil. 

I'he soil was then returned to the can from which it had been 
removed for mixing with the fertilizers. Cans q to 14 inclusive were 
j)lanted \vith red clover and cans 15 to 20 inclusive were planted with 
timothy seed. It will be noticed that cans previously in timothy were 
now in red clover and vice versa. 

Both the clover and timothy made a good growth (see Figure i) 
and thr(‘e crops of each were cut. The nitrogen in the red clover 
amounted lo 8.37 grams for each can in the three cuttings, while the 
timothy produced 2.43 grams of nitrogen in the same number of 
cuttings. It may be noted that the timothy only develo])ed heads 
once, the other cuttings being made merely because the clover was 
ready to cut. During the time that these crops were on the soil, 
w'hich was from March to December, the cans were leached eight 
times. These leachings removed an average of 203.2 mg. of nitrogen 
from each of the red clover cans and 39.8 mg. from each of the 
timothy cans. Timothy plants and the leachings combined had 
removed from the soil, up to this point in the experiment, something 
more than one-half the nitrogen added in the form of dried blood. 

It was now of interest to ascertain whether the effect of either crop 
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is to increase or diminish nitrate accumulation following its removal 
from the soil in spite of the large quantity of easily nitrifiable nitrogen 



Fig. I. Representative cans of timothy plants and clover plants at tim e 
of first cutting. 
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present in the form of dried blood in the timothy soil and presumably 
in the clover soil if it is assumed that the crop obtained most of its 
nitrogen from the air. 

NITROGEN IN DRAINAGE WATER FOLLOWING RED CLOVER AND 

TIMOTHY 


After harvesting the clover and timothy the soil was stirred to a 
depth of about 2 inches and the stubble was removed, but the roots 
were left in the soil. The soil from cans 12--14 and 18-20 was then 
removed to the depth of tlie clay subsoil. It was then passed thru a 
quarter-inch mesh sieve to remove plant roots. 

When the clover and the timothy roots were removed from the 
soil they were cleaned by brushing and were then weighed. The soil 
could not be sufficiently well removed from the roots to allow of 
accurate determinations but roughly the weights were as follows- 

Clover roots Timothy roots 

Can 12 I r3.0 grams Can 18 . 232.5 grams 

Can 13, 81.0 grams Can 19 . . 345 5 grams 

Can 14. ... 89.5 grams Can 20 . 349 o grams 


Total. . . 283.5 grams Total .. 927.0 grams 

The larger weight of the timothy roots was because of their much 
greater number. The individual clover roots were larger than those 
of the timothy 

The soil in cans 9 -11 and 15 17 was not removed, but was kept at 
ojMimtun moisture content for three weeks without planting for 
cropping, after which it was leached. From the date of this first 
leaching, which was Fclirviary 6. until April 19, each can was leached 
seven times. During this entire jicriod the soil in all the cans w^as 
kept free of vegetation. The nitrate nitn^gen in the leachings was 
determined, with the re.sults shown in 'J'able i. 

Tablk I. Nitrogen {in grams) in leachings from soil prex'iously in red (lover and 
soil previously in timothy. 


Dale of 

incubating 

Previous cro]) 

Jan. 17 

Clover 

Timothy 

Date of 

leaching 

Cans 9-11 

Cans 15-17 

Feb. 6 

0.256 

0.054 

Feb. 9 

.0.174 

0.029 

Mar. 2. .. 

, . . . 0 384 

0.208 

Mar. 17 . . 

0.433 

0.284 

Apr. 7.... 

. 0.482 

«-357 

Apr. 12. 

. . 0.279 

0.268 

Apr. 19 . 

0 165 

0.170 

Total 

2.173 

L370 


As in the experiment previously reported, more nitrates were foimd 
following the growth of clover than after timothy. There would seem 
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to be several possible explanations to account for the greater accumu¬ 
lation of nitrates in the clover soil; (i) the plant residues remaining 
in the clover soil may be more easily nitrified than is dried blood, 
(2) the clover plant may produce a substance that stimulates nitrate 
formation, (3) the timothy plant may produce a substance that 
retards nitrate formation or nitrate accumulation. 

DISCUSSION 

In the preliminary report of this ex^^eriment, the possibility of the 
clover leaving in the soil a residue more readily nitrifiable than dried 
blood was mentioned. A comparison of the relative nitrifiability of 
dried blood and finely ground roots was made in subsequent ex¬ 
periments and the results reported elsewhere (5). They did not 
indicate that clover roots are more readily nitrifiable than is dried 
blood; and while some of the smaller roots and some of the nodules 
were doubtless lost in removing the roots this would be at least 
partially offset by the grinding that the roots received. The much 
greater accumulation of nitrate from dried blood in the experiment 
cited, amounting to nearly twice as much nitrate nitrogen from the 
same qtiantity of organic nitrogen in the two substances, would give 
little reason to conclude that clover roots nitrify more readily than 
dried blood. 

It was also suggested that clover might leave as a residue a sub¬ 
stance that stimulates nitrate formation or that timothy might in a 
similar way retard nitrate accumulation. The experiments with the 
ground roots, which have just been referred to, suggest very strongly 
that timothy roots liave a depressing effect on nitrate accumulation 
and as the depressing action of the various roots was in the inverse 
order to their nitrogen content it seemed likely that the non-nitroge- 
nous organic matter was concerned with this property, which it might 
possibly influence by encouraging the growth of the nitrate nitrogen 
consuming organisms in the soil. 

The phenomena in these experiments seem to fit rather well with 
the hypothesis that the depression of nitrate accumulation is due to 
the development of nitrate-nitrogen-consuming organisms, made 
possible by the presence of available energy material, the supply of 
which is sufficiently influenced by plant residues to cause the soil to 
show differences in nitrate nitrogen content, traceable to the clover or 
timothy that previously occupied the soil. The timothy residues 
being richer in carbonaceous matter than those of clover, nitrate 
accumulation is curtailed by nitrate-nitrogen-consuming organisms 
and, therefore, it progresses more rapidly and reaches a higher figure 
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in soil following the growth of clover than of timothy. This is true- 
whether the content of total nitrogen is greater in the clover soil or 
not and even when dried blood, a readily available supply of nitrogen, 
is present. 

It has already been suggested by Doryland (6), and later by Hutch¬ 
inson (7), both of whom studied the effect of certain carbohydrates 
on nitrate accumulation in soil,that the presence ofmore or less of these 
carbohydrates in plant residues or in green manure crops may influ¬ 
ence the accumulation of nitrates in soil with which they are incorporat¬ 
ed. These predictions appear to be supported by the results of the 
experiments just described. 

THE PROPORTION OF TOTAL SOIL NITROGEN IN THE FORM OP 

NITRATE NITROGEN FOLLOWING ALFALFA AND TIMOTHY 

An example of the influence of alfalfa as compared with timothy 
on the accumulation of nitrate nitrogen in soil occurs on certain plats 
on Caldwell Field. These plats are in two different crop rotations 
one of which consists of maize, one year; oats, one year; followed 
by alfalfa for three years: the other of maize, oats. Hind timothy, the 
latter for three years. These rotations have been followed since 1911. 
There are ten plats in each rotation, of which two are in maize each 
year, two in oats and six in the hay crop. No fertilizer or manure 
has ever been applied, but all plats have been limed to insure a good 
growth of alfalfa. Plats in the timothy rotation received the same 
lime treatments as did those in the alfalfa rotation. 

The plats were all sampled from time to time to a depth of 8 inches 
and total nitrogen determined. vSamples were last taken in 1920 
and the figures for this analysis are used in the calculations which 
follow. Each year, from igi6 to 1923 inclusive, all the plats in maize 
were sampled to a depth of 8 inches before the maize plants were 12 
inches high. At this time, the plants were not large enough to affect 
greatly the nitrate content of the soil between the rows. In the eight 
years during which this sampling has been conducted, each plat has 
been sampled at least once. 

The data which are now at hand include total nitrogen and nitrate 
nitrogen for each plat. These may be grouped for the alfalfa plats and 
for the timothy plats and the average total nitrogen and nitrate 
nitrogen found for each cropping system. The figures so obtained are 
presented in Table 2. 

Assuming that an acre of soil to a depth of eight inches weighs 
2,500,000 poimds, there would be 3,550 pounds per acre of total 
nitrogen and 252.4 poimds of NOs in the alfalfa soil and 2,150poimds 
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of total nitrogen and 156.9 pounds of NOs in the timothy soil. From 
these figures, it may be calculated that for every 100 poimds of total 
nitrogen the alfalfa soil contains 7.11 pounds of NO3 and for the same 
amount of total nitrogen the timothy soil contains 4,99 poimds of NOs. 
These data are shown in Table 3. 


Table 


Alfalfa soil 
Timothy soil 


3 .—Total nitrogen and NO3 in alfalfa and timothy soil. 
(Expressed in pounds to the acre) 


Total 

Nitrogen 

3,550 

3,150 


Nitrates 

(NO3) 

252.4 

156.9 


Pounds 
NO3 for every 
100 lbs. total 
nitrogen 
7.11 
4-99 


The effect of the alfalfa residues, when plowed under, was to produce 
a larger accumulation of nitrate in proportion to the total nitrogen 
content than did the timothy residues. This supports the conclusion 
from the previous experiment, to the effect that the greater quantity 
of available nitrogen in a soil following the growth of clover as com¬ 
pared with timothy may or may not be due in part to the larger 
quantity of total nitrogen in the clover soil; but, in any cavSe, the nature 
of the crop residues is the main factor in determining the accumu¬ 
lation of nitrates. 

The fact that nitrate accimiulation is gre^iter in alfalfa soil than in 
timothy soil w^ould account for the failure f)f alfalfa when grown for a 
considerable number of years, to leave in the soil a higher nitrogen 
content than did prairie grass, in Swansfm’s observations mentioned 
above, or timothy, in those of Lyon and Bizzell. Where nitrification 
is abimdant, the alfalfa crop makes use of nitrate nitrogen; and, 
owing to its large demands for that element, the totcil nitrogen con¬ 
tent of the soil is jn'evented from increasing indefinitely. On the 
other hand, the deposition of energy-producing material by the 
timothy crop is probably rather favorable to the fixation of nitrogen 
by non-symbiotic organisms. 

SUMMARY 

(Including results of some previous work) 

Soil on which alfalfa grew^ for six years contained little or no more 
total nitrogen than did soil on which timothy grew for the same 
length of time. 

When allowed to incubate both in the field and in the laboratory, 
there was a greater accumulation of nitrates in the alfalfa soil. 

Soil containing a very large quantity of dried blood and in addition 
residues of clover and timothy, respectively, accumulated nitrates in 
the same relative order as when no dried blood was present. 
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Experiments in which dried blood, ground clover roots, and 
ground timothy roots were each incorporated in soil placed in different 
receptacles and the nitrates determined after incubation, showed 
that the soil containing dried blood accumulated nearly twice as much 
nitrate nitrogen as did the clover soil and four times as much as did the 
timothy soil. From this, we conclude that the rate of nitrate ac¬ 
cumulation in soil is influenced by the nature of the decomposing 
crop residues even when the main supply of nitrogen is in a more 
easily nitrifiable form than are the crop residues. 

Crop growth, both in the field and in the greenhouse, was greater 
following alfalfa or clover than following timothy, whenever available 
nitrogen was the limiting factor. This was true even when such 
quantities of dried blood had been applied as would have made the 
nitrogen supply entirely sufficient to produce the subsequent crops 
without calling on the residues from the clover and timothy. These 
plant residues affected plant growth in the same way that they did 
nitrate accumulation. 

The nature of the residues of the preceding crop may, therefore, 
be expected to affect the availability of a nitrogenous fertilizer, at 
least if it is an organic substance, and in all probability even a nitrate 
fertilizer would be affected to some extent. 

Land that had been planted to a crop rotation in which alfalfa 
grew for three years and grain two years, contained a larger propor¬ 
tion of its total nitrogen in the form of nitrate than did land that 
carried a crop rotation in which timothy grew for three years and 
grain crops for two years. 

CONCLUSIONS 

The rapid and large accumulation of nitrates in soil previously 
planted to clover or alfalfa, as compared with soil previously in 
timothy, appears to be connected with the higher nitrogen content 
of the former. It is not necessarily associated with a larger total 
quantity of nitrogen in the legume soil, but rather wdth its smaller 
quantity of non-nitrogenous organic matter (probably carbohydrates). 
It is well known that non-nitrogenous organic matter furnishes a 
source of energy for the organisms which transform the nitrogen of 
soil nitrates into other nitrogen compounds. This source of energy 
being present in smaller quantity in the residues of these legumes 
than in the residue from timothy, there is less destruction of nitrates 
in soil previously planted to clover or alfalfa than in soil previously 
in timothy. It seems also probable that this may be a factor in de¬ 
termining the effect which other crop residues exert on nitrate ac- 
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cumulation and thus on the supply of available nitrogen for succeeding 
crops. 
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BOOK REVIEWS 

MANURING GRASS LAND FOR HAY 
By Winifred E. Brenchley, Rothamsted Experiment Station. Longman s Greene 
and Company. London and New York. Pp, vi -f 144, jig 22, tables vi, 1923. 
This monograjih includes the results from various nianurial ex- 
])eriments on ])ennancnt grassland, which have been carried on 
continuously at Rothamsted since 1856. Special attention is given 
to the cUcct of liming superimposed upon the original manuring. 

The total ykM of hay, various species and the plant associations 
are tabulated for each treatment. As all the data are in semi-tabular 
form, it is very easy to make comparisons with earlier results, and to 
note the changes in the vegetation induced by manuring during the 
experimental ])eriod. 

The effect of manuring and lime on the total herbage and on the 
individual species are treated separately, which facilitates a study of 
the total yield or the ecological relations for each manurial treatment. 
One of the outstanding effects is the depression of yields by liming 
on a number of the plots, especially some of those treated with sodium 
nitrate. Only the plots treated with ammonium ^sulphate showed a 
positive permanent response to lime. 

The monograph deals solely with the Rothamstead plots and no 
attempt is made to compare it with other work. A very comprehen¬ 
sive report of the herbage is given for each manurial treatment, mak¬ 
ing the book of greatest interest to the ecologist and those interested 
in experimental work on permanent grassland. (H. P. Cooper.) 
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VOCATIONAL EDUCATION IN FARMING OCCUPATIONS 

By Theodore H. Eaton, ^ Philadelphia: J. B, LippincoU Co., 374 pp. 1923. %2.oo. 

“Every state in the union now has organized into its system of 
formal education a program of vocational education in agriculture. 
The influence of the Federal Act for Vocational Education, passed in 
1917, has tended to give such programs common elements of likeness.' ’ 
Theodore H. Eaton, in his book Vocational Education in Farming 
Occupations, deals with the “philosophy of social organization con¬ 
tributing to the achievement of that purpose*' implied in such programs. 

He gives a comprehensive and satisfactory treatment of the field, 
beginning with a consideration of the social and psychological bases 
in vocational education and argues for formal education in agriculture. 
This argument is based on the following six factors: (a) The changed 
significance of physical factors; (b) the changed conception of social 
progress; (c) the changed demands of society upon agriculture; 
(d) the changed needs of the agriculturist; (e) the unchanged nature 
of man; (f) the break-down of agencies. 

He takes up such practical considerations as the agencies for this 
sort of education, the necessaiy^ equipment, the length of terms, the 
school day, and work. His criteria for the selection of content are 
(i) “demands of vocation,” (2) “educative environment,” (3) “the 
characteristics of the learner,” and (4) the need for training the student 
to take his proper place in the social community. He next classifies 
the various forms of teaching in vocational agi'iculture into (i) “super¬ 
vised work on fanns,” (2) “directed farm studies,** (3) “coiivStructioii 
and repair,** (4) “laboratoiy^ work.** This portion of the book, 
together with the concluding sections on general problems of school 
method is of special value to teachers in this field. 

The entire book is one to appeal to the general reader interested 
in social and educational problems, as well as to the specialist. (Helen 
W. Bateman.) 


AGRONOMIC AFFAIRS 
NOTES AND NEWS 

Earl N. Bressman, formerly AvSvsistant Agronomist at the Montana 
Agricultural Experiment Station became Professor of Agrononi\" in 
the College and Associate Agronomist of the Ex])eriment Station at 
Corvallis, Oregon, on January i, 1924. 

S. C. Vandecaveye, formerly of the Department of Soil Bacteriology 
at Iowa State College is now Bacteriologist of the Agricultural 
Experiment Station at Pullman, Washington. 

H. A. Huston has severed his connection with the Potash Importing 
Corporation and is now engaged in consulting work, with head¬ 
quarters at Kew Gardens, Long Island, N. Y. 
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Dr. J. G. Lipman, Dean and Director of the New Jersey State 
College and Stations, accompanied by Mrs. Lipman, sailed April 9th 
on the America for France, from whence he will proceed by way of 
Switzerland to Rome to attend the general assembly of the Internation¬ 
al Institute of Agriculture, as official delegate of the United States 
Department of Agriculture. Immediately following this meeting, he 
will attend the Fourth International Conference of Soil Scientists for 
which he has organized the program of Soil Bio-Chemistry and 
Micro-Biology for North and South America and Asia. He will 
represent, among other organizations, the American Society of 
Agronomy and the National Research Coimcil. 

G. H. Stringfield, formerly of the Nebraska Station, is now Assist¬ 
ant Agronomist of the Ohio Agricultural Experiment Station, at 
Wooster, Ohio. 

Dr. S. A. Waksman, of the New Jersey Experiment Station, sailed 
April 9th to attend the Fourth International Conference of Soil 
Scientists at Rome. 

George A. Jackson, Assistant Extension Agronomist of the Virginia 
Agricultural Ex])eriment Station, was in Delaware on April ii and 
12, to consult with the soybean growers of that state about the or¬ 
ganization of a croj) imj^rovement association and central market¬ 
ing agency. 

Dr. If. V. Harlan, Agronomist in charge of barley investigations in 
the Bureau of Plant Industry of the United States Department of 
Agriculture, returned to Washington recently after a year’s trip 
thnmgh S])ain, North Africa and parts of India in search of cereals 
which might ]:)e used in attemjjts to imj)ro\'c varieties now grown in 
this countr}'. He brought back with him stocks of seed of barleys 
from the northern plateau of Spain; several barleys which are in¬ 
digenous to the oases of the Sahara desert; barleys and other cereals 
from the Vale of Kashmir and from the plains of the Punjab in 
India; and many tx'pes of barley, wheat, enimer, teff and grain 
sorghums from Ethiopia in Africa. 

INCREASE IN CROP ACREAGE IN THE UNITED STATES 

According to the ret)ort of the Crop Reporting Board of the U. S. 
Department of Agriculture, farmers of the United States planted 
341,000,000 acres of the fourteen principal farm crops in 1923. This 
was an increase of more than 2,000,000 acres over the plantings of 
1922. The production of the fourteen crops was estimated to aggre¬ 
gate 265,000,000 tons, or about the same as in 1922 and 11,000,000 
tons larger than the ten-year average. 
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WESTERN CANADIAN SOCIETY OF AGRONOMY 

The published Proceedings of the third annual meeting of the 
Western Canadian Society of Agronomy, which was held in Saskatoon, 
Alberta, on December 27 -29, 1922, are now available for distribution 
from the offices of the Saskatchewan Department of Agriculture, 
Regina, Saskatchewan, Canada. 

The program of the meeting was as follows: 

President’s Address—Progress in Agronomy in Western Canada, G. H. 
Cutler. 

Agronomy as a Subject of Instruction, L. E. Kirk. 

Hardiness Studies with Winter Wheat, R. Newton. 

The District Representative as a Link in Extension Service, N. C. MacKay. 
Soluble Nitrogen as the Limiting Factor in Northern Crop Production, 
W. D. Albright. 

Thirty Years of Cereal Investigations in North Dakota, H. L. Walster. 
Agronomic Conditions in Manitoba as Revealed by the Agricultural Survey 
of 1921, J. H. Ellis. 

Lethal Factors in Cereals, W. P. Thompson. 

Potato Diseases, G. R. Bisby. 

The Milling Value of Saskatchewan Wheats, C. H. Goulden. 

Water Requirements of Crops, W. H. Snelson. 

Methods of Keeping Records of Cereal Breeding Investigations, J. B. 
Harrington. 

Experimental Methods with Special Reference to Uniformity of Descriptive 
Terms, G. P. MacRostie. 

Soil Moisture Studies at the Dominion Experimental Farm, Swift Current, 
Saskatchewan, S. Barnes. 

Reports of Committees; 

Instruction, 

Plant Breeding, 

Soil Management, 

Crop and Seed Technology, 

Extension, 

Summerfallow Substitutes, 

Pathology. 
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1, THE FUTURE OF THE SOIL SlTRVEy IN OUR NATIONAL 
AGRICULTURAL POLICY^ 

Milton Wliitney- 

The ancients, so far as the history and traditions which are available 
to ns sliow, were curions as to wliat made i)lants ^row and as to why 
crops ^'ew difierently in different localities and on different soil 
types. In the earliest stages of the life (i human beinys on the earth, 
when men dc])ended n])on the wild thinj^s of nature, they were keen 
for a knowledge of where their ne(‘t‘ssilies etmld be obtained. In the 
early nomadic lift' of the ]H‘0])le, it was essential for thcTn to know 
where the best natural fo( xl f(^r their flocks and herds could be obtained. 
Such ])co])le needed only general information. 

As the nomadic life gave plact' to the sedentary life and the growing 
of crops, men needt'd more jiarticular information, since to ]>roduce 
crops they had to settle on a definite piece of land. Tlie selection t)f 
the land where l]ie>' should settle became of supreme im]>ortance. 
When a country was sjiarsely settled, knowledge of the soil type 
was relatively unimjiortant because of the abundance of land avail¬ 
able and the jicoplc were able to su])])ort themselves in a way on the 
product of their labors. As the country became more densely settled, 
more and more organization had to be introduced, with a consequent 
increase in taxes and in ])uldic im])rovements, and com])ctition be¬ 
came greater and more intensive effort became necessary. 

According to the earh' Chinese records, which arc ap])arcntly 
authentic, in the Yao dynasty from 2357 to 22O j B. C. certain parts of 
that country were then so thickly settled that the emperor directed 

‘Ptipcr read as a part of the symposium on “The Utilization of the Soil Survey'^ 
at the meeting of the Society held in Chicago, 111 ., November 13, 1923. 

^Chief, Bureau of Soils, United States Department of Agriculture, Washington, 
D, C. 
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that there be made what was probably the first soil survey and there 
were established nine different types of soil.^ There were the yellow 
and mellow soils of Yun^ Chow (vShensi and Kansu), which were put 
into the first class; and the red, claye}" and rich soils of vSu Chow 
(Shantung, Kiangsu and Anhwei), which were put into the second 
class. The third class comi)rised the whitish and rich salty soils of 
Tsing Chow (Shantung); while in the fourth class were placed the 
mellow, rich, dark and thin soils of Yu Chow (Honan). In the fifth 
class were the v^hitish and mellow soils of Ki Chow (Chili and vShanse); 
in the sixth class the blackish and rich soils of Yen Chow (Chili and 
Shantung); and in the seventh class the greenish and light soils of 
Liang Chow (Szechuen and Shensi). The miry soils of King Chow 
(Huen and Hupeh) were in the eighth class; and the miry soils of 
Yang Chow (Kiangsu) were in the ninth class. On this classification 
was establivshed the size of the holdings of each farmer, the amount of 
the taxes pa^^able to the state and the system of education regarding 
agricultural methods and procedure. 

The early Greek and Roman philosophers whose writings have come 
down to us show a very intimate knowledge of the relation of soil 
types to crops, especially the writings of Cato, Columella and Pliny. 
They dwell upon the importance of selecting the right kind of soil 
for a definite crop or system of crop rotations and warn againvSt the 
use of soil types for crops and industries to which they are not 
adapted. They ascribe many of the failures of agriculture in their 
times to a lack of appreciation of the adaptation of crops to soils. 

The history of .agriculture in the north of Europe, from the latter 
part of medieval times to the present, shows a gradual application of 
the adaptation of crops to types of soils as exemplified in the agri¬ 
cultural policy of Germany up to the time of the recent war. Prac¬ 
tically, that nation had been working out, for a thousand years, an 
agricultural policy which recognized as separate units the moor soils, 
the sandy soils, the clayey soils, the .soils adapted to sugar beets, to 
potatoes, to the dairy industry, to grain farming, to wine production, 
and a multitude of other crops and of other industries. 

The great economic crisis in England at the close of the baronial 
period, when the open field system was displaced by the inclosure 
system, made possible individual competition and the adoption of the 
principle of the adaptation of soils to crops and all that has since 
developed in the perfection of methods through individual effort. 

It must be remembered that the art of surv^eying and map con- 

*See Miss Mabel Ping-Hua Lee, An Economic History of China with 
Special Reference to Agriculture. Longmans, Green and Co., New York, 1921. 
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struction has been developed in any adequate way only within recent 
years and that statistical work as applied to crop production is a 
matter of recent times. With the i)erfection of maps, the development 
of statistical science, and the accumulation of the knowledge of the 
constitution and properties of soils to serve as a guide, it remained 
for scientists in the early part of the twentieth century to begin the 
actual differentiation or classification of soils j)ortrayed on maps and 
to record those fundamental facts which have always been, in theory 
at least, the fundamental basis for an agricultural program for a farm, 
a country, a vState, or a nation. The soil ma]) is a visualization of the 
aspirations and desires of mankind througliout the ages. The soil 
suiwey therefore is putting such data, under scientific methods of 
classification, on maps for the benefit of the present and of future 
generations upon which to build a national agricultural program. 

Other speakers at this meeting will tell of the present use to which 
the soil maps are put—the information which they give to the present 
owners of the land in regard to soil conditions on their own and on 
their neighbors* farms so that they may correlate their own successes 
and failures with the experiences of others who occupy the same types 
of soil. They will tell of the use of the soil map to the prospective 
settler who elects to move from one part of the country to another, 
of the use of these maps by the experiment stations and by all workers 
in agricultural lines of research, and of the use of these maps by 
bankers and investment companies and by real estate agents. They 
will tell of the stabilization of land prices, and of systems of taxation. 

I have elected to give this brief historical review because I think it 
cannot help but impress you and impress others with the same feelings 
which I sincerely hold; that, as time goes on, as our population in¬ 
creases, as the struggle for existence in this and in other countries may 
become more acute, the soil sur\"ey will be more and more appreciated 
and more and more essential to the organization and upbuilding of the 
highest possible development of agriculture. 

What the Japanese have done, in their six thousand years of 
historical occupation, in the adaptation of their soils to crops through¬ 
out their provinces; in the knowledge and experience that has 
been handed down from father to son; in the regulation and control 
of their lands; what the Gennans have done in the past thousand 
years through experience and through force of necessity, in the regu¬ 
lation of their crop adaptations to soil types; the scientists of the 
twentieth century should do more intelligently and more quickly, 
with the knowledge afforded by the soil survey and the studies that 
are being made of our soil types. 



412 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


The English have increased their yield of wheat during the past 
three hundred years at the rate of about eight bushels per acre per one 
hundred years. During the past forty years the United States has 
increased its yield of wheat at a rate of about twelve bushels per acre 
per one hundred years; but even at this rate we are about one hun¬ 
dred years behind the present development of yields per acre in 
England. 

With the knowledge presented by our soil surveys and the proper 
utilization of our soil types in their adaptation and treatment we 
should be able, through force of intellect and knowledge, to establish 
and maintain a more rapid increment than has been accomplished 
in the north of Europe by necessity and through the acquisition of 
knowledge of their soils through innumerable failures and a few 
accidental successes. 

The agricultural industry in the United States is now^ and has been 
for many years rapidly changing. It is not stable, but is developing 
rapidly and in the course of the next fifty years will probably be 
entirely reorganized. In this reorganization the soil survey will 
unquestionably play an exceedingly important part. With 87 per 
cent of the acreage in crojis at the ])resent time devoted to five 
crops, cotton, corn, wheat, oats and hay, and with the more or less 
complete segregation of the commercial ]>ruduction of these sta])lcs 
to different sections of the country we do not have and cannot have a 
national rotation policy such as is one of the recognized essentials in 
the increasing of ])roductivity. In this respect we are not far removed 
from the medieval S}^stem ])revailing in Europe when the opcni field 
system was in use. A full knowledge of the adaptations of our 
soils should make possible a ttjie or tj'pes of agriculture in which 
rational crop rotation can be maintained. 



2, DIFFICULTIES IN UTILIZING THE WORK 
OF THE SOIL SURVEY^ 

A. R. Whitson^ 

The utilization of the work of the soil survey depends on at least 
three factors: first, the usefulness of the infonnation collected; 
second, the manner in which this information is expressed in the 
report; and third, the extent of distribution of the report. 

INFORMATION GATHERED BY THE SOIL SURVEY 

The information gathered in the progress of the soil survey may be 
classified into two types; first, that which may be used by persons or 
organizations interested in a variety of ])hases in agricultural and rural 
conditions, including research departments of the experiment stations, 
banking, and other loan organizations; highway commissioners and 
others concemed in the construction of roads; people looking for land 
as prospective settlers, and those engaged in assisting them in that 
purpose; those seeking to locate enterprises connected with agricul¬ 
tural development such as canning factories, provision warehouses, 
etc.; and those having an interest in the educational and social 
devek)f)ment of rural life. The second type is that which anay be 
used by the farxners, or actual occui)ants of the land itself. 

In order to collect the information along the various lines which 
are of interest to these different users, the soil surveyor must keep 
the different classes of peojale distinctly in mind and, as far as possible, 
see that his map and accompanying notes and records are made in 
such a way as t(^ supply the infomiation which is needed. 

While the older maps and reports were undoubtedly of great value, 
they left much to be desired and are considered incomplete and un¬ 
satisfactory^ by many ]3eople who arc now undertciking to secure the 
infonnation they need from them. A general criticism may- be made 
of these older maps and reports that they were based too largely 
on the geological nature of the basis of soil classification and mapping. 
Such classifications in mapping of the soil have considerable value and 
are particularly^ useful as a basis for further investigations of soil 
problems, especially those of chemical and ])hy"sical nature; l)ut they 
neglected many^ veiy important and practical lines of information 
which people of the several classes mentioned abo\'e arc constantly 

^Paper read as a part of the symposium on “The Utilization of the Soil vSurvey” 
at the meeting of the Society held in Chicago, Ill , November 13, 1923. 

^Chairman of the Department of Soils, University of Wisconsin, Sladison, Wise. 
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seeking and can seciire only through detailed soil survey reports and 
maps. 

From axareful reading of many of the older reports, it appears to 
the writer that much improvement can be made if those in charge of 
soil survey work will secure the cooperation and suggestions of the 
various specialists who need information which can be secured by the 
soil survey. Among those whose advice should be secured are agron¬ 
omists, working with a variety of crops; road commissioners, whose 
work involves the use of material for road construction; bankers, and 
those in charge of financial organizations generally who arc engaged in 
the placing of farm loans; tax commissioners, who can use the maps 
of the soil survey when properly made; and officers of camiing com¬ 
panies and other similar enterprises. Through conferences with these 
different people and probably in many cases by having them oc¬ 
casionally accompany the soil survey parties in the field very much 
more definite and specific information of value can be secured. 

One difficulty in the securing of the miscellaneous information 
above suggested, which is usually encountered in the routine work of 
the soil survey,is that the interruption caused when any individual 
member of the party delays the progress of his mapping for such 
purposes interferes with the work of other members. It would be 
practicable, however, for the leader of the party, whenever desirable, 
to devote certain days entirely to the gathering of this additional 
information; since he would then not interfere with the systematic 
mapping being carried on by the remaining members of tho party. 
To do this work successfully, a leader should, of course, be thoroughly 
trained in ])ractical agriculture and well acquainted with the various 
uses to which the information will be put. This requires a man of 
exceptional qualifications and one the value of whose services is 
fully recognized in the salary Avhich he receives. 

In the soil classification itself considerable improvement can fre¬ 
quently be secured by the use of phasal distinctions to indicate varia¬ 
tions in main types which arc of practical importance. Among these 
may be mentioned the phases of types which need drainage, others 
which are subject to erosion, those which are particularly stony, etc. 
It is these practical j)hasal distinctions in which the farmer, as well as 
the business man, is chiefly interested. 

While the soil mai)s and reports should include much information 
of interest and value to the public as above suggested, they are of 
course primarily intended for the use of farmers. This should be 
kept distinctly in mind in preparing both the map and report. The 
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farmer’s attention should be directed to improvements which a 
thoroughly trained surveyor can suggest by indicating the need of 
drainage, of methods calculated to prevent erosion, of land needing 
the use of lime, increase in organic matter, or improvement in other 
lines. As far as possible, these conditions should be expressed on the 
map itself, as well as discussed in the report, since the farmer may not 
examine the mapping of his own land when he has a map and report in 
hand, even though he cannot get the information the report is in¬ 
tended to convey if he fails to read it fully. But if these conditions 
can be expressed on the map his interest is aroused and he is more 
likely to look for further information in the body of the report. 

The manner in which the report presents the information which has 
been collected during the sur\'ey has much to do with the extent to 
which it is read and used. vS])ecialists in any department of agricul¬ 
tural science must constantly bear in mind the complexity of the 
subject of agriculture and the fact that their own lield is but one of a 
large number in which their readers are interested. The information 
they have to convet^ should be expressed as clearly and definitely as 
p(’)ssible and all unnecessary or irrevalent matter should be omitted, 
since this simpl)' serves to lessen the readiness with which the desired 
matter is reached in the report. 

It has been ]}ointcd out that there are two general classes of persons 
who use soil survey rejKnls. First, the general or public class; and 
sccojid, the individual farmers. It seems to the writer that much 
could 1')e gained if Uvo ty^pes of re])orts were published, and since most 
states are now cooperating with the Bureau of Soils in the soil survey 
work it would apj)ear jracticable that the Bureau’s edition of the re¬ 
port might be written ]^rimari1y to furnish the genenil information 
above suggested, while the State’s edit ion of thereport could be written 
with the p: )int of view cjf the individual fanner chiefly in mind. There 
would of course, be senne objections t(^ this jdan and some difficulties 
to oveicome, but certainly much would be gained in that each report 
could be written witli its readers more distinct!}' in mind than would 
otherwise be possible. 

Fa'CH after every efiort has been made to improve the character of 
the informatiem gatheied and the form in which it is ex]3ressed in the 
report, little will be acc(mii)lishcd unless these reports finally reach 
the hands of those for whom they were written. This recpiires con¬ 
stant advertising of the work of the Ftirvey. It is proba1)ly true 
that the general class {)f readers who are more accustomed to seek in¬ 
formation through books and reports learn of them and can use them 
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more readily than can the individual farmer. A small percentage of 
farmers are constantly in touch with the State experiment stations and 
secure their reports and bulletins, but many who could profit by the 
W'ork of the Soil v^urvey never see its rcjxirts. It should be considerbd 
a regular pait of the duties of the men in the field to secure the names 
and addresses of farmers in the territory in which they are working 
and to prepare a mailing list, es])eeially of all those on farms for which 
important suggestions for ini])rovement are embodied in the report. 
It is possible that this work could be largely done by the leader of the 
field party during the time he is not actually engaged in mapping, as 
has been suggested. If when the report is sent it could be accom¬ 
panied by a brief personal letter to the farmer, this would aid greatly 
in attracting his attention. 

3. THE RELATION OF THE SOIL SURVEY TO THE 
SETTLEMENT OF UNUSED LANDS' 

Thos. D. Rice^ 

The problems arising in the settlement of the unused lands ma>' not 
seem of any great importance at the present time, when improved 
fanns are being abandoned and when there is little movement any¬ 
where towards lands of doubtful value. Economists, however, 
agree that the agricultural dejm^v'-'sion now j)revailing is only tem¬ 
porary. One need not possess ])roi)hetic vision to predict that, within 
a very few years, the tide of pojadation now flowing towards thc‘ cities 
will turn and there will lie another rush of settlers to the marginal 
lands. The settlers of this next inva.sion will j)robably stand in more 
need of assistance in selecting land and be more* willing to receive stich 
assistance than thovse of any which has ])receded, for it will be com¬ 
posed not so largely of experienced farmers moving a short distance on 
to good land but of men of all so^ts, many of them from the cities, 
Tvho seek to take up land in sections where they know little of the soils 
.and agricultural conditions. It is reasonable to sup])ose, therefore, 
that a greater number of these will require assistance in selecting 
their land and that the soil survey and other branches of the agri¬ 
cultural departments will be called on for advice. 

The soil vsurveys, state and national, have accumulated a vast 
amount of information concerning a large part of the ttnused land, 

’^Paper read as a part of the symposium on '‘The Utilization of the Soil Survey” 
at the meeting of the Society held in Chicago, Ill., November 13, 1923. 

^Inspector (Northern Division), vSoil Survey Investigations, Bureau of Soils, 
United States Department of Agriculture, Washington, D. C. 
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which should be of value to the prosi)ective settler if properl}' pre¬ 
sented. That such information has been of value in the ]jast can be 
proved by a j;reat number of known cases. Whatever doubt may be 
held as to the ability of the resident farmers to make direct use of the 
soil survey majj and re]X)rt, there can be no question that f)ros])ective 
settlers have in a ^real number of cases made immediate, i^ractical UvSe 
of this informaticm. Many settlers have been prevented from taking 
up worthless land, others have been guided in selecting the best type 
of soil in a given tract, and farmers and fruit growers, by means of the 
soil survey, have found the soil and the location suited to their needs. 
With increasing knowledge of soils, even more help of this kind should 
be furnished in the future. In many cases, the soil map and report can 
supply the pros])ective settler with the information that he needs; 
in other cases, these jmblications must be interpreted and made more 
available for his use, and often they must be supplemented by the re¬ 
ports of the agronomist and the economist. In all cases, however, 
the soil survey report is the foundation upon which any valuation 
should be built. 

The criticism is sometimes made that the soil survey report does not 
place sufiicient emj)hasis on the deficiencies oi soils of low value that 
arc sold to the unsuspecliiig public. While this may seem to be true 
in some cases, it is not because ( f any lack of courage on the part of 
those iti charge of soil surveys. The use of 1 he soil survey to help and 
protect the jirosjicc'tive settler is n(»t so sinqile a task as those who 
have novcT studied the subjcvt might su])])ose. Several years ago a 
writer for a well-known ])CTio'dical ])iepared a series of articles on the 
shortcomings of the Unitc'd States Department of Agriculture. In 
discussing the Bureau of Soils, lie contented himself with a denuncia¬ 
tion of the Soil Survey f<^r not publishing facts concerning land values 
in all parts of the countiw’ in order to prevent fraud. This tvriter 
seemed to think that it would be easy to give each acre of land in the 
United States its value in dollars and cents. He had aiqiarently given 
little thought to the magnitude of such an appraisal. He had also not 
informed himself of the great amount of advicu which is given to 
settlers by the Bureau of Soils and the officials of the various state 
surveys, nor had he taken into consideration the difficulties that con¬ 
front us when we attempt to extend this service. 

In the past one difficulty has been the lack of information concern¬ 
ing a large part of the unUvSed land. Little knowledge of the soils in 
these lands is available, because requests for soil surveys have come 
mainly from the older, w’ell-settled communities. Where soil surveys 
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have been made, the Bureau of Soils has been handicapped by not 
being able to make experiments to determine the value of the different 
soil types. -It is unjust to condemn a section, or a soil type, unless it is 
certain that all the facts in regard to the soil and the agricultural con¬ 
ditions that now prevail are known and that the future possibilities 
are taken into consideration. It is fully as great a wrong to destroy 
the equity of one man in his land by an unjust or hasty report as it is 
to fail to prevent the swindling of another who would be deceived into 
buying such land. As in the administration of justice, it is difficult to 
be efficient and at the same time absolutely just in every instance. 
In spite of the effort to be fair and conservative, the soil survey reports 
in some cases have worked injury and perhaps injustice to individuals. 
A fair appraisal of land values involves not only a consideration 
of all the facts that are available in regard to the soil itself and the 
agricultural conditions that now prevail, but also of the future 
possibilities. Irrigation, drainage, a change of market conditions, or 
the introduction of a new crop, may give a high value to a soil former¬ 
ly considered worthless. One need only cite as illustrations ofsuch 
transformations, the irrigated districts of the west, the deep sands of 
Florida which have become valuable truck and citrus soils, or certain 
muck soils where celery and other S])ccial crops are now growm. It 
will be seen that to be fair to the land by taking into consideration 
all its present advantages and making due allowance for future 
changes and at the same time not give aid and comfort to the real 
estate swindler is a task calling for much discretion—to say nothing 
of a gift of prophecy. 

Even where it is certain that a tract of land is being misrepre¬ 
sented and loss to the settler could be ])rcvented, there is local oppo¬ 
sition to be met. In the past, the opposition of the real estate dealer 
did not present the most fonnidable difficulty, since his criticism of 
the soil suiwey report w^as to a large extent discounted b>^ the public. 
The local pride and mistaken self-interest of the community were 
most difficult to combat. All civic organir^ations and the public press 
were turned against what was rei)resented as a disjjaragement of their 
community. In some cases, local and state officials have considered it 
their duty to defend a soil type and encourage an influx of settlers 
regardless of the facts. Happily, this kind of opposition has almost 
disappeared. Most states and communities now take the broad view 
that no lasting benefit can result in having settlers come in and lose 
money. vStates w^hich have vacant public lands are now earnestly 
seeking facts conceniing the soils on these lands and seem determined 
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that the robbery of ignorant settlers by the state itself shall not be 
repeated. 

Another kind of opposition which has been met in the attempt of 
governmental agencies to help and protect the settler arises from the 
old prejudice against state intervention between buyer and seller. 
Even where the princi])le of such intervention is accepted, it is a 
problem as to how far the state can go. A settler may be ruined as 
certainly by paying too high a price for good land as by paying a low 
price for inferior land, but it is not possible to intervene and tell him 
that a particular tract of land is worth $100 but not $150 an acre'. 
Nor can the law give him any adequate protection. The United 
States courts cannot luido a VTong of this kind, but can only jirotect 
other possible victims by convicting the swindler for placing in the 
mails statements that he knows to be false. It will be seen that many 
kinds of frauds cannot be prevented nor their j^erpetrators pmiished 
under the Federal law. It is not so often questioned, now as formerly, 
whether the state has the right to protect fools, where such a thing is 
possil)le, bill the old doctrine of caveat empior can never be entirely 
dispensed with. The settler, unless he can em];loy an ex])ert ap¬ 
praiser, must rely to a considerable degree on his own judgment in re¬ 
gard to land, even in those states where every legal safeguard has been 
thnniii around him. The national and most state govcmnients must 
confine their seivice to supphnng him with information by v'hich he 
can interpret the results of his own obseri'-ation. The soil suiwey 
canrol over-advertise its service and further s])read the impression 
that definite advice whether or not to bin' a particular tract of land at 
a given ])rice can be given the settler. There should, however, be 
placed before the public exact information of what the soil surveys and 
other branches of agricultural research have to offer. At the present 
time, the ])rospectivc settler, in most cases, ei'cn if he is intelligent 
and fairly well informed docs not know that valuable information can 
be ht'id for the asking. Some such jicrsons call on the S(nl surveys for 
information, but the number of these is small conqiared to those who 
go without any guidance to take up land in regions where they know 
little of the soil and local condHions. These individuals ought not 
to be criticized, however, in view of the fact that officials of other 
dejiartmentvS of the state and national govi'rnments and oven work¬ 
ers in our own departments of agriculture are ignorant of the work 
done by the soil surveys and of the store of information that is 
available. 

In the future, it will be the task of the soil suri^eyor and the agron- 
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omist to ovcrcoiue these difticullies and to be ready to asvsist the new 
settler in every possible way. The following are several lines of 
service which are now open. 

It is the duty of the soil surveyors to continue soil research by 
gathering infonnation and by mapping soils in as great detail as 
possible. A soil ma]) on tlie usual vscale may not seem adequate in 
many eases; the soils may be so complicated or subject to such local 
variations that it is difficult for the land seeker to get definite in¬ 
formation on any small area. In such cases, he must be taught to 
recognize these s(3il variations and instructed as to what to avoid. 
Cooperation with the agron(mist in follow-up work is necessary in 
order to determine the value of many soil types. Before this infor¬ 
mation goes to the settler, those factors which are not directly related 
to the soil but which greatly affect land values, such as markets, roads 
and social conditiems, shcuild be checked over by experts on these sub¬ 
jects. • It is also of the greatest importance that this information should 
be combined and expressed in non-technical form, so that it may be 
understood and used l)y the average man. 

The second task before the soil sur\'eyor and the agronomist is to 
determine how best to distribute this information, so that it may be 
available for the settler and for those who are advising and financing 
the settler. Beginning at home, the workers of the United Jrtates 
Department of A^ricnllure and of the different state dei)artmen1s, 
who may be called upon for advice for settlers, should be instructed 
how" to interjirct and to use the soil suiwey rei)orts and the results of 
the follow-up work pf the experiment si ations A special elTort should 
be made to reach the county agents and the e.xtension workers who 
come in direct contact with the farmers. 

It is not so easy to reach the great number of peo])le who may at 
any time become land seekers. Where the state has an efficient immi¬ 
gration department or a well-administered “blue-sky” law, it be¬ 
comes much easier to help and protect the settler, as his welfare is then 
in the hands of officials who specialize in this service. Unfortunately, 
in some states these officials have not been informed of the facts that 
are available for their use nor have they been in.structed how to in¬ 
terpret a soil map and report. 

Much good can be accomplished by distributing infonnation and 
by demonstrating the value of the soil survey to the land ajijiraisers 
for loan companies and banks, for the institutions which they repre¬ 
sent can exert a great influence against unwise settlement. 

An effort should be made to reserve more of the soil survey reports 
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for the use of prospective settlers and to ])revent their random dis¬ 
tributions to ])ersons who have no particular interest in the subjects 
treated. 

A third duty of the soil survey in })rotectin[^ settlers, and a most 
unpleasant one, is to assist the federal and slate authorities in collect¬ 
ing evidence, wliich may be used to prosecute swindlers in the land 
business. 

These arc some of the op]jortunities for service that lie before the 
soil suree\'or and the agronomist in connection with the settlement of 
the unused lands, and some of the diffic'ulties which they may expect 
to encounter. It is hard to overstate the importance of this service 
when it is considered in relation to the waste of human lives. The 
histcjry of the hajjha/ard undirected settlements in the past is familiar 
to all. While the rich ])rairie lands were being taken up, no one could 
go wrong. The settlement of the cut-over lands, the swamp lands 
and the arid lands, however, has had a history both of main" successes 
and many failures and these failures make uj) an appalling total in 
wasted money and wast(*d lives. Much of this loss could have been 
prevent ed. Th( )se of us wlio have worked <m the soil survey have seen 
the hard struggles of many a j)ioneer, wlio lias wasted the best years 
of his life on a wortlik'ss soil, while quite near hy was valuable land 
that lie might as well h<ave taken That ]>hrase “tlie years that the 
locust hav(‘ eaten’' is ({uite ex]jressive of tlie ravages of age, but it 
carriers no more tragc'dy in ns meaning than the years that have been 
eaten by worthless soil, bv drought, by flooding and by alkali. 
Must this history be re])eated when ‘'"cttlers again attemjg to take up 
the unuscfl lands'" Is it not the duty of the soil surveyor and the 
agronomist t(^ ]>revent as far as lies in their power such a re])etition of 
wasted effort ? 


4. THE RELATION OF THE SOIL SURVEY TO THE 
UTILIZATION OF SOUTHERN SOILS^ 

Hugh H. Bennett- 

Dr. Call’s letter of July 24 concerning the ])reparation of a pa]:)er 
on the relation of the soil .survey to the utili>:ation of southem soils, 
for the joint meeting of the Society of Agronomy and Association of 
Roil Survey Workers, reached me in the latter part of August at San 

'Paper read as a part of the .symposium on “The Utilization of the vSoil Survey’* 
at the meeting of the vSociety held in Chicago, 111., November 13, 1923. 

^Inspector, (Southern Division) vSoil Survc}" InvcstigJitions, Burt'au of Soils, 
United States Dejiartment of Agriculture, Washington, D. C. 
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Jose, Costa Rica, just as wc were starting on a long trip by trail and 
boat through Costa Rica, Nic'aragua, and Panama. This night of 
October 22 is the first opportunity there has been even to reply to Dr. 
Call's letter; and, vsince we sail day-aftcr-tomorrow for a ten days 
trip up the Chticimacpie River (jirovided we can get by the dead-line 
of the Chucunaque Indians) there are left but a few hours to devote to 
this paper, which is being begun with the thought that it will probably 
be too late for Uvse at the Chicago meeting, even should anything of 
value slip into the product of the night’s effort. Time and thought 
should be devoted to a paper of this nature: neither seems to be 
available at the moment. Too much rain; too much mud; too much 
rough trail; strange soils, clays without a recognizable grain of sand, 
yet as friable as a loam; vast plantations of bananas where the fruit is 
planted in the tropical jungle and the jungle felled upon it and left 
to rot, the ground never being stirred; all these create a confusion, 
from which surely not much will be demanded. 

Soil surveys have shown that the southern states embrace soil 
differences of such multiplicity; of such varied characteristics; of 
such divergent productive values, manurial requirements and crop 
adaptations; that nothing short of a ponderous monograph would 
give even an approximation of a comprehensive discussion of the 
actual variations and conditions. Nothing of the kind will be luider- 
taken. 

The results of the surveys are on record in published reports, free 
to all, open to the inspection of all. Hence, it should not be necessaiy'^ 
to spend time in explaining the nature of the work or apologizing for 
any shortcomings that the skeptical critic may point out. 

There are critics, of course; like the i)Oor, they will always be with 
us—indeed, they have undoubtedly a i)roper place in human affairs. 
Once started along the right lines, however, it is not inconceivable 
that highly valuable results will accrue from the efforts of the most 
touchy and critical experimenters. There is a saying in the British 
army to the effect that the private of the chronic-grouch t}'pe (he who 
says over and over to his soldier-mates, that theofficers are inefficient, 
the quarters rotten, the beans always too salty, the guns no good, 
that everj^thing is wrong and the army is going to pot) makes the best 
fighter when things begin to hum, and when he gets to going. 

So, to those who object to the lack of detail on ancient soil maps or 
the gi*eat detail on the more recent maps let’s say: ‘'Well, but we are 
not going to get anywhere unless you start right now and find out 
something about the specific needs of specific soils, such as, whether it 
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is nitrogen which the Sharkey clay of the Mississippi Delta needs and 
potash which the Sarjjy fine sandy loam of the same region needs for 
the production of l.)esl crops of cotton.” 

The state of North Carolina entered into cooperation in soil survey 
work about iqoi . The workers in that state have stood by this work 
actively until the jjrescnt and show no signs of quitting. Long ago 
the central station at Raleigh established sub-stations on the im¬ 
portant soils of the state, those which had been proved to be im¬ 
portant l)y soil surveys. On the granitic soils, the Cecil types, by 
experimentation potash was found not to be of particular value for 
cotton of cfjrn; whereas on the sandy Norfolk types in the eastern i^art 
of the state, potash was fcjund to be of considerable value. Workers 
in N(3rth‘Carolina have exi)erimented by soil types and farmers have 
profited by the results of experiments that are applicable to the soils 
of their own farms as distinguished from the soils of other farms in 
other parts of the state, which are of entirely different character and 
have entirely different requirements. 

In Extension Circular No. 32 of the North Carolina Experiment 
Station the statement is made that ‘Tn this state all experimental 
work with fertilizers on soils and of variety tests of crops is carried on 
with reference to soil types. At first, the larger and more important 
types were selected for location of the test farms and the outlying 
fields. Later on, it is planned, as rapidly as fimds are available. .., 
to extend the investigations to the agricultural types of the State 
that occur in less extended areas. It can readily be seen in such a plan 
that after definite information has been secured from the field, the 
results may generally be applied to most all the farms located on the 
same type of soil. . . ” 

North (Carolina is by no means the largest state in the Union, nor 
of the southern states. Nearly one-third of its area is comprised in 
the Blue Ridge Mountain region, where a large proportion of land is 
too steep for tillage; there are no limestone soils in the state, nor any 
vast areas of rich, alluvium or delta land or black prairie or mellow, 
loessial silt loam. There are sandy soils in its Coastal Plain, and other 
kinds too; red clay loams and other types in the Piedmont; and a 
variety of residual soils derived from crystalline rocks in its western 
mountainous section. Now, if these soils are not farmed efficiently, 
how is it that in recent years the value of the crops of this state has 
been exceeded only by the values of the crops in Texas, Illinois, Iowa, 
and semetimes by those of California, and not by those of any other 
state of the United States ? The acreage valuation has made an even 



424 


JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 


better showing than this, exceeding in some years that of the four big 
states named and nearly all others, with the exception of some small 
New England states, where relatively small areas are devoted to 
highly specialized types of farming. Check these statements by the 
figures of the crop statisticians, plea.se. 

This sounds like a boost for North Carolina. It is. But is it not a 
sort of boost, too, for soil survey work, inasmuch as that state took up 
soil survey work before any other state did and never quit ? (Yes, the 
writer of this paper is a North Carolinian—does some farming there, 
and thinks he knows something about the soils down that way, 
technically and otherwise.) 

Workers in Texas are also using this soil type plan for locating sub¬ 
stations; in fact, they have been developing along that line con- 
siderabl}" in recent years. This year the director of the experiment 
station took soil survey men along with him to identify the soil types 
down in the Rio Grande Valley, where he was examining certain sites 
which were under consideration for the location of the South Texas 
experiment .station. It is well to study the soil types of any region, 
whether the location is being sought for an experimental farm or a 
farm for more selfish consideration. Even the Rio Grande Valley has 
spots of alkali soil that do not lend themselves readily to ordinary 
methods of farming. They sometimes have to be handled ac‘cording 
to their own peculiar requirements in order to be induced to jiroduce 
bountifully; if they are not handled just this way, some* of them, 
they are liable to produce disappointing results, h^armers have 
fallen upon sad times in not a few instances where they have un¬ 
dertaken to operate against the preci.se and in.sistent demands of 
ob.stinate .soils. This happens in pretty nearly all regions. 

It has frequently happened that men have undertaken the culti¬ 
vation of timber lands for farm crops. Land sharks lay their hands 
upon a considerable number of novices and even of ])ractical farmers; 
considerable numbers of farmers fool themselves, simply because they 
do not understand the soils of new regions into which they have 
migi'ated; while some fail on the lands at home for the same reason. 
Soil survey reports include much valuable information that .should be 
more generally usi'd from the standpoint of selecting farm lands, 
especially in new localities. There is an almost incalculable amount 
of immediately valuable data in the average soil survey re})ort. There 
are sections wherea soil map wT)uld be of almost inestimable value to a 
newcomer seeking farm land, even if it did no more than to show that 
the southern half of a county W’^as occupied mainly by the Susque- 
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hana clay and the northern half by the Oranfrebiirt^ sandy loam. 
Anyone who can read can understand some such sim])le statements as 
the following: '‘The Susquehana clay is a red, heavy clay under¬ 
lain at 3 or 4 inches by an extremely pla.stic, impervious heaw clay, 
containing very little sand. Jt is a type of soil which is diOicult to till, 
which erodes severely on cultivated slopes and ])roduceslow fields. 
It is best suited for the growing of pine trees for timber. The Orange¬ 
burg sandy loam is a broun, friable sandy loam underlain at depths of 
8 to 10 inches by a red, friable, sandy clay. It is easily cultivated, has 
a wide range of cro]) adaiitations, and with fairly liberal fertilization 
produces good yields of com, cotton, and tobacco.” 

Just such statements are to be found in man\" of the soil survey 
reports. Often these are elaborated, it is true; but the statements 
are there, usually jiresented in plain English, and they are facts, 
valuable facts, which somehow should be given more publicity. 

The soil sur\^cy rejiorts contain information that should help toward 
achieving a better use of our soils. Not all of the soils of the southern 
vStates make good fanning lands; many steep-sloped areas are much 
better suited to forestry than to cultivated crops; certain inferior soil 
types, as the vSusquehana clay, are better pine soils than farm crop 
soils; and these are the uses to which land of this kind should be put. 
The timber is needed, and will be more and more acutely needed in 
the future. It should not be overlooked that the pine tree grown on 
pine-tree soil is a profitable croj), not for western Texas or western 
Oklahoma, but for a large part of the Southeast. 

The following re-statement of some estimates recenlh' made which 
relate to forestry lands and a more profitable use of forestry lands in 
the v^'outheast will be of interest in this connection. These estimates 
cover a large area in the southeastern states, including the Ozarks, 
southern Appalachians, southeastern Coastal Plain, Mississippi 
lowlands, and the southern loes.sa] region. Four major classes of 
soils were em])lo\'ed in this a])])raisal, these being based U])on the 
value of the land for farm cro]\s, forestry, and grazing. The estimates 
for the extent of land falling into these several groupings were bavSed 
upon actual soil surveys of over 05,000,000 (^f the 203,000,000 acres 
embraced within the area studied. Apinmimately j 76,000,000 acres 
or 60 percent of the region fell into the group of farm land; 54,000,000 
acres or 18 ])ercent was classed as forest and gracing land; 54,000,000 
as rcdaimahle wet land; and 10,000,000 acres as marginal land or 
land of doubtful farm value. The proportion of improved fann land 
for these classes, using the estimates of the last census as a basis and 
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distributing the areas among the soil types according to their applica¬ 
bility a-s determined by field studies, is as follows: farm land, 48 
percent; forest and grazing land, 7 percent; rcclaimable wet land, 3 
percent; and marginal land, 12 percent. Thus, more than half of the 
farm lands for the area under consideration (about 91,000,000 
acres) represents unimproved land, according to these estimates. 
This consists of idle cut-over land, land in timber, and old fields lying 
fallow. Most of it lies in the cut-over pine-belt. The better farm 
lands are comparatively smooth in topography and well drained. 
They range from deep fine sands and loamy sands through sandy 
loams and gravelly loams to the heavier grades of soil—the clay 
loams, clays, silt loams, and loams. In productivity, they range 
from moderately good to very good. 

Wliat is to be done with the large excess of imused arable land ? 
It may be assumed that no one will question the advisability of using 
it for crop production before attempting to use the poorer grades of 
marginal and forestry lands. But there is little probability that all of 
this vast area will be brought into cultivation in the near future. 
Indeed, its immediate utilization for crop production undoubtedly 
would be unwise, because an over-production of some crops would be 
the probable result. These lands should be, and undoubtedly will be, 
taken up gradually, furnishing acreage for large extensions in the i)ro- 
duction of com, potatoes, sugar cane, cotton, rice, peanuts, tobacco, 
forage, hay, feed stuffs, and other cro])s to which they are suited. 
The better and more accessible areas should be improved first. 
While this is being done, it would .seem advisable to make some use of 
the less accessible areas. The most promising use for them api")ears to 
be for forestry" and grazing. 

There is room for extensive utilization of both fair and good idle 
farm land for timber production without any cramping of agricultural 
devcloiiment in this region. Nevertheless, the aim should be, to 
bring about first the early inclu.sion of as high a projiortion as pra('- 
ticable of the true forest land in the larger forestry projects. It is 
desirable that utilization for timber production of the forest land, the 
inferior farm land, and the relatively inacccvssible better grades of 
soil, should jiroceed with a sufficient regard for ])roportion or balance 
to invite public cooperation by its economic soundness. 

Agricultural conditions over much of the territory can be improved 
greatly by betterment of the animal husbandrj^ industry, both through 
increased numbers of animals and improvement of breeds. Already, 
much has been accomplished in this direction, notably in the southern 
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Coastal Plain, where the raising of cattle and hogs has been so much 
increased in recent years that packing houses have been built in many 
localities. The velvet bean, peanut, sweet potato, and lespedeza 
have been indispensable instruments in achieving this advancement. 
Within fifteen years, the velvet bean has grown from a crop of insig¬ 
nificant importance to a point where most of the corn in the lower 
Coastal Plain region east of the Mississippi is grown in combination 
with this crop. It is the most important forage crop of the south¬ 
eastern Coastal Plain, and with the breeding of earlier varieties, 
its production is gradually extending northward. In addition to 
being one of the V)est forage crops known, it is a splendid soil builder. 
The use of the peanut and lespedeza, also, is spreading rapidly. 

In some Ibcalities, where the boll weevil has made appalling inroads 
upon the cotton crop, velvet beans, peanuts, sweet potatoes, lespe¬ 
deza, cattle, and hogs have saved the situation for the farmer. In 
certain localities in southern Alabama, the change in methods of 
fanning which was enforced by the weevil invasion has had a pro¬ 
found effect upon the economic situation. FoTTnerh^ in these local¬ 
ities, farmers bought their supplies on credit at high prices from 
merchants who took a lien upon the farmer’s property, or his pros¬ 
pective crops, or anything that was his, or that was likely to be his. 
In some of these localities, this system of credit has now been largely 
displaced, and the banks have double the deposits they had before the 
weevil came. Fields have been fenced; highwa}'S have been im¬ 
proved; and, in every sense, the farmer is better oft’. Some cotton is 
still grown, but it is grown under intensive methods and not as the 
sole money cro]), as it was under pre-boll-weevil conditions. 

These communities have shovTi that tremendous advances can be 
made in the im])rovement of the agriculture of the Coastal Plain 
region. Broadly speaking, the same methods are applicable to much 
of the Piedmont country and to other parts of the Southeast. Correct 
usage of land and diversified farming, including production of a large 
proportion of fann supplies on the farm and the raising of stock, are 
the means that will bring this part of the country gradually but 
surely to a higher state of agricultural development. With the large 
number of croi)S suitable for field forage, hay, and concentrated feeds 
for live stock and dairying, which succeed so well under the var}mg 
conditions of soils, climate, and topography; with the broad range in 
soil adaptation from general farm crops to highly specialized crops; 
and with the poorer grades of land largely well suited to timber and 
grazing; there is no real need for dwellers in this region to become 
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pessimistic over such a misfortune as the boll weevil depredation or 
over such things as increasing foreign competition in the production of 
cotton. The farmers in this section have but to utilize their soils more 
nearly in accordance with their natural adaptations, to diversify their 
crops rationally, and to save their lands from erosion. They are 
advancing in the matter of correct soil usage. More terracing is 
being done in the Piedmont region and parts of the Coastal Plain to 
protect the slopes from erosion than an>nvhere else in the country. 
Agricultural practice generally is impro\dng in numerous locations. 

Let’s get the notion, even make an obsesvsion of it, that better soil 
usage—usage more nearly in accordance with the requirements of the 
soil type—is necessary to our present welfare and to that of our 
children’s children. Let’s take better care of those types of soil which 
are peculiarly susceptible to ruinous erosion and use them for timber 
and grazing where necessary. Let’s keep a proper balance, however, 
and not be stampeded into too narrow channels of thought and en¬ 
deavor. There is no intention to urge the narrow and unwise idea 
that every acre of land can be used in exact accordance with its precise 
adaptations and requirements. Due regard must be had for the 
economic use of farm labor and machinery throughout the year; 
for soil-building rotations; and for market gardening near urban 
centers where soil type often can be disregarded to some extent. 
It is the larger problem that concerns us, namely, the wdse use of areas 
of land largely in excess of the necessary exceptions to the general 
scheme of utilization proposed, where we should strive for better use 
of the land. More experimentation will be needed to attain the 
speediest and surest results. Can not the soil classifier and the 
agronomist work closer and closer together on this problem according 
to this plan? We are working, or should be, toward the same final 
results, namely, the betterment of agriculture, the perf ection of fanning 
systems, the maintenance of soil productivity, and the saving of the 
soil from disastrous w^ashing. The soil is an extremely important 
factor in agriculture, although it is not the only one. Let’s not over¬ 
look any important factor. 

This is by necessity a rambling statement on a good subject. 
Please overlook its short-comings, remembering the circumstances 
imder which the paper has been prepared. 



5. THE VALUE OF THE SOIL SURVEY AS A BASIS FOR SOIL 
STUDIES AND SOIL USE 

A. IN STUDIES OF SOIL PROPERTIES^ 

Discussion by M. M. McCool^ 

Those who have attempted to employ the soil survey as a basis for 
soil studies and soil use have found it to be of great value; yet it is no 
doubt true that the field work of the soil survey has not been ex¬ 
ploited to its fullest extent in these lines. It is my opinion that in the 
future investigators working in the fields of horticulture, farm crops, 
farm management, livestock production and agricultural economics 
will make much greater use of the soil survey than is being done at 
present. It is probably well recognized that there is still a great need 
for continuous and systematically organized obser\"ations and studies 
of the physical, chemical and biological properties of the various 
horizons of the several soil types that have been mapped. It seems 
that this is essential if many of the results of scientific efforts are to be 
correlated and duplication reduced to the minimum, and it is recog¬ 
nized, by some workers at least, that this is the only way that the 
work may be systematized. As is well knovm, there are many workers 
who are interested in the dcveloiiment of soil science, and in order to 
accomplish this it is obviously necessary that much study will be 
concerned with the other matters than immediate practical aspects. 

Inasmuch as 1 have only a few minutes to discuss this subject, it 
seems advi.sable for me to confine my remarks to an outline of the 
work which we are doing in Michigan, w’ithout burdening you with 
detailed results. In the first place, I should state that we are con¬ 
sidering the soil i)rofi]e as promulgated by Dr. C. F. Marbut in our 
investigations. We have considered it advisable and found it profit¬ 
able to have descriptions and sanijiles of various horizons that make 
up the soil t>^i)es at our disposal. By careful selection of areas for the 
field work, we believe that we have described and have specimens 
of practically all of the soil types that occur in Michigan. 

Certain physical projicrties of several of the important soil types 
have been studied. The water-retaining capacity of the different 
horizons that make up certain,sandy soil types of northern Michigan, 
has been determined, by adding an excess of water to the .surface of 
the soil and covering to prevent evaporation. After five days, samples 

read as a part of the sympo.siiim on “The Utilization of the Soil Survey’* 
at the meeting of the Society held in Chicago, Ill., November 13, 1923. 

“Professor of Soils, Michigan Agricultural College, East Lansing, Mich. 
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were collected and the water retained determined in the usual manner. 
The results pf these determinations are given in Table i. 

Table i.—T he water-holding capacity of northern sandy soil 

profiles 


Type Horizon Per cent water 

Mancelona.2 gray 7.74 

(3 brown 12.01 

U 563 

Emmet.2 gray 7.07 

brown 12.50 

U 5-29 

Rubicon . 2 gray t 5.8 


(3 brown 8.80 

U 4-67 

In addition to the water-retaining capacity of the horizons the 
rate of water movement is under investigation, as is also the rate and 
distance of penetration of the roots of certain plants. We have 
observed that the roots of alfalfa plants have great difficulty in 
penetrating one of the horizons of the Fox sandy loam as evidenced by 
the irregular and twisted condition of the root development found 
therein. The layers above and below evidently do not impede root 
penetration, inasmuch as they show nonnal develojment. This may 
account in part for the comparatively slow growth of alfalfa in its 
earlier stages on this type of soil. 

The relative colloi'dity of the horizons is determined by indirect 
methods, namely, the heat of w^etting and thedilatometer. The former 
shows the amount of heat given off when soils are wetted and the latter 
the amount of water in soils that remain unfrozen when they are 
exposed to low temperatures. These properties are determined in the 
main by the colloids. 

The barograph has been used to investigate the effect, if any, which 
various soil horizons have upon the permeability of soil i)rofjles. It 
is interesting to note that in .some instances the barometric pressure in 
the earth ten feet from the surface is the same as that at its surface, 
as shown by the fact that the curves obtained from these instnaments 
so placed are identical. It seems that such investigations are funda¬ 
mental in character, and that the soil survey or the classification of 
soils will be of assistance in correlating the results that we may obtain. 

The total amount of several chemical elements in the different 
horizons of the predominating soil types are determined; not neces- 
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sarily with the end in view of estimating the amoimt of plant food 
elements that occur therein, but rather to determine if possible the 
causes for the conditions that exist in the soil profile. Interesting 
results have been obtained by this method of attack which we believe 
will have important applications. 

The chemical reaction of the different soil horizons both in the 
laboratory and under field conditions is determined. These studies 
bring out very strikingly that great variations may exist in a soil 
profile and that the determination of the reaction of the surface few 
inches of soil may not and usually does not show the conditions to 
which the roots of the various crops or plants are exposed in their 
development. In fact, such methods of procedure may be misleading, 
as indicated by the conditions that we have fotmd to exist in certain 
soil types. The surface few inches of Miami soils, for instance, .show 
rather low pH values, but at comiiaratively shallow depths this is 
higher. This probably explains the fact that fanners generally can 
grow clovers and alfalfa successfully without the use of lime on these 
soils. The soil horizons of the Fox s(jils are usually strongly acid al¬ 
though the parent material is liighly calcareous. Alfalfa fails on 
fields that have been long under cultivation without the use of lime; 
but it should be noted that a small application of lime suffices, the 
supposition t)eing that when the roots of the plants enter the cal¬ 
careous parent material the plant obtains a sufficient amount of lime 
for its grow'th. 

In addition, the soil survey is being utilized as a basis for the collec¬ 
tion of samples for detennining the solubility of the various horizons 
in dilTerent solvents. 

We have been able to utilize the soil survey’ to a great advantage 
also in our iin’cstigations on the use of commercial fertilizers to in¬ 
crease the productivity of soils. I^ield investigations on the Miami 
loam and silt loam show that the application of acid ])hosphate 
usually is the only jirofjtable commercial fertilizer treatment. If, 
for exam])le, there arc 40,000 farms on a considerable portion of v'hich 
the soil is of the Miami ty])e, it seems that the soil survey or the loca¬ 
tion of these types is of tremendous importance to the state. On the 
other hand, we have found that Waukesha loam responds to fer¬ 
tilizers carrying nitrogen, phosphoric acid and j)otash, while Idain- 
field tyi)es respond to treatments of lime, nitrogen, phosphoric acid 
and potash. On some ty])es, alfalfa responds Augoroush" tlic first 
season to applications of acid phosphate and muriate of potash, but 
subsequently little if any responses are noted. The indications are 
that the older plants obtain a sufficient amount of phosphorous and 
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potash from the subsoil, although a greater root development in 
upper layers may account for this. Other illustrations which show 
that the soil survey has been of tremendous value to us in our soil 
fertility work could be cited. 

The soil survey has been made use of in making numerous lime- 
requirement maps and popular reports; both laboratory methods and 
field observations and investigations have been utilized in construct¬ 
ing these. We found that several soil types could be grouped to¬ 
gether. Several of these were distributed about one year ago and the 
results from them have been very gratifying. We have likewise con¬ 
structed maps showing the vegetable matter content of the soils of 
several counties. 

Numerous farms and fields of different farms have been abandoned, 
temporarily at least, during the past few years. I'he soil surveys in 
several counties have shown that this abandonment is closely related 
to the soil type. In central Michigan, according to results of inter¬ 
views with different lando\vners, the Plainfield types were the first to 
be left idle, followed closely by theColomaand, subsequently, by the 
Fox and the Bellcfontainc. As yet, wc have found practically no 
abandonment of the Miami soils. When properly interpreted, such 
experiences should be of great assistance in the grouping of lands 
already in use, as well as those that are yet to be develoj)ed, and thus 
should be of great value in the formulation of state land policies 

It seems that there is a tendency to classify sandy soils along with 
those of finer textures. This is fallacious. It should be clearly under¬ 
stood that, in the classification of different s(»il tyjjcs, sands should not 
be compared with the finer textured soils but should be compared 
with each other. It would be unjust to jilace all sandy vsoils in a lower 
grouping— such as second or third rate -than the finer textured ones. 
Farms having sandy soils may be well located so far as climate and 
market conditions are concerned and have a high agricultural value, 
although potentially such soils would not be considered to be as good 
soils as some of the finer textured ones Instances are on record 
where the Plainfield and Coloma soils in southwestern Michigan 
which had been cultivated for a numb»er of years under general 
farming systems were abandoned and, subsequently, were taken up and 
utilized for the successful production of grapes and other fruits. It 
certainly would have been imjust to have declared these types to be 
inferior or non-agricultural. Thus, in land classification where the 
soil survey is made use of, carefxil precautions should be taken not to 
misplace a particular soil type or a number of them, as future con¬ 
ditions may be such that the classification may be erroneous. 



5. THE VALUE OF THE SOIL SURVEY AS A BASIS FOR SOIL 
STUDIES AND SOIL USE 

B. IN EXPERIMENTAL WORK IN SOIL 
MANAGEMENT AND USES' 

Discussion by E. E. DeTurk^ 

When the soil survey of Illinois was begun twenty years ago, there 
was very little definite knowledge concerning the soils of the state. 
Just as the systematic organization and classification of the existing 
and accrued knowledge in any science is ftmdamental to the develop¬ 
ment of the science, so the systematic classification of the soils of the 
state was recognized as fundamental, both to the planning and 
execution cf future soil investigations and to the most efficient utili¬ 
zation ci land in agricultural practice. Thus, the soil surv^ey has 
ser\'ed as a method of classifying not only the soils themselves but 
also the knowledge obtained by the soil survey workers, concerning 
the various soil types as they occur in the field. 

THE VALUE OF THE SOIL SURVEY IN INVESTIGATIONAL WORK 

Knowledge wliich will make possible the better management of 
farm soils for increased, or more efficient food production, is obtained 
mainly through two types of investigation. These are: first, labora¬ 
tory investigations, including physical, chemical and biological 
studies and greenhouse cultures; and, second, the experiment field. 
These two lines of investigation must, of course, suj)plement each 
other. 

It is not approj)riate at this time to enter into a discussion of the 
extent to which laboratory and field investigations contribute to the 
solution of problems in soil management. It is of value, how^ever, to 
note some of the ways in which the vSoil survey aids in attacking soil 
problems in laboratory and field. 

Labor vtory Investigations 

In Illinois, the analysis of soil samples representing each soil type 
as it occurs in each cormty has been carried out as a part of the soil 
survey itself. This record of analytical data, together with the soil 
maps, serves as an “index'* of the soils of the state, and by reference 
to it the soils which are best suited to a given investigation can be 
located. The following instance illustrates this use of the data. 

^Paper read as a part of the symposium on “The Utilization of the Soil Survey*' 
at the meeting of the Society held in Chicago, 111 ., November 13, 1923. 

•Assistant Professor of Soil Technology, University of Illinois, Urbana, Ill. 
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In a rather extensive limestone investigation which was begun 
recently, it was desirable to use in the greenhouse two soils, both as 
high as possible in acidity but at the same time having the widest 
possible divergence in organic matter content. By the combined use 
of the soil analysis records and the soil survey mapping records, the 
best soils available for this purpose in all the fifty-odd counties which 
have been surveyed and from which soils had been analyzed up to 
the present time were readily located. 

It is realized that the “index” is not perfect, and sometimes directs 
us to the wrong “page.” For instance, in a search for a soil which 
would be especially responsive to phosphate treatment, one was 
selected which contained only 0.018 percent of phosphorus, or 360 
potmds of this element in two million pounds of surface soil; but 
tiesting it in the greenhouse, no response to additions of any form of 
phosphate could be secured. 

The record is not only of value in locating soils for certain experi¬ 
ments, but the information thus recorded concerning the more im¬ 
portant agricultural soils aids in pointing the way to research prob¬ 
lems which should be undertaken 

Field Tnvestig4iion‘^ 

In the use of soil experiment fields, the soil survev and the methods 
which have been develoi)ed through its growth are of great value in at 
least the two following rc'spects 

Management and study of present experimental fields — The Uni¬ 
versity of Illinois now operates thirty-eight soil experiment fields 
distributed throughout the state. For the most part, these ]')articular 
fields were selected and used for experimental work because they were 
either given to the University by interested landowners or “kmned” 
for experimental 'wor'k for an indefinite period, as l(mg as might be 
needed. The question of the suitability of the soil of a i>articular 
field for experimental work was a minor factor in determining the 
exact location of most of these fields, although the dominant soil 
type to be represented by a given field w^as determined by the Uni¬ 
versity. This procedure was justified by the fact that the wsmall 
funds available limited the choice to free fields or no fields. By means 
of soil .survey methods, the soils of all experimental fields are now 
being mapped in detail so that the distribution of all the soil types and 
phases in each experimental plot is indicated. The information thus 
secured is of value to the experimenter: (a) in interpreting the re¬ 
sults of fertilizer or other treatments applied; (b) in determining the 
feasibility of replanning or modifying experiments already under 
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way; and (c) in distinj^uishing among the present fields those which, 
due to extreme soil variability, are unsuitable for exx)erimental work 
and hence should be discontinued and those which are sufficiently 
imiform to be continued, even though with modifications in some cases. 

Location and planning of new experimental fields .— Through the 
soil survey, the location, extent and agricultural importance of the 
major soil areas of the state have been made known. Based upon this 
information,! t is possible now to determine with some degree of accuracy 
the strategic jxnnts for the k'^cation of major experimental fields upon 
which arc to be carried out investigations bearing upon the more 
fund£imcntal vSoil problems This was not possible at the time when 
most of our jjrescnt ex])erimcntal fields were located. These fields 
should be maintained for a comparatively long time. In addition to 
the major fields, an adequate plan of soil study requires the operation 
of a number of minf)r fields which may be located in areas of IcSvSer 
agricultural importance, or ])lanned in order to solve local or special 
])r()blems which may not affect large areas In many cases, the 
minor fields may be discontinued after a few years. Some may even 
take the fonn of cooi)erative field tests. 

With this point of view, the attcm])t has been made to look into the 
future far enough to ])lan tentatively the location of the maior fields 
and a few of the minor ones which will be needed. ICight major and 
eight minor fu'lds have thus been tentatively located It may be 
said, however, that none of the above fields have been iirovided for 
financially or exac-tly located, and the scheme rc’])resents asjiirations 
rather than definite i)lans. 

In the determination of the exact location of the field, the methods 
of the soil sur^•ey again come into valuable service in (‘liminating 
areas of marked soil variability. Thus, areas, which under a less 
rigid inspection would have been ixisscd, may be entirelv eliminated 
from experimental use. 1'he laying out of the field for experiments is 
based iqion the same requirement for soil uniformity as is the selection 
of the field Exjierimc'ntal jdots should not cross soil ty]}e boundaries. 
The Illinois soil investigators have reached a definite agreement that 
in the future no new field shall be used for j)lot experiments unless all 
of the soil of the area for the plots of a given ex])eriment shall be of 
the same type, and that, so far as is ])ossible, all the soil of such area 
shall be of the same phase of the type. 

It is recognized that the soil type is not a i)erfcct standard for the 
determination of soil uniformity for experimental work. Even the 
restriction of a field to a single well-defined jihase of a type does not 
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insure uniformity. The attention of agronomists was called to the 
marked variability of apparently uniform soils by Wood and Stratton 
and others more than ten years ago.® It may profitably be supple¬ 
mented by the application of chemical, biological or physical tests. 
In any case samples of the soil of each plot should be taken for chem¬ 
ical, physical and possibly biological examination before experiments 
are begim. 

THE VALUE OF THE SOIL SURVEY IN THE UTILIZATION OF SOILS 

Aside from its value in soil investigations, the survey is of direct 
benefit to the farmer himself and to other agricultural inteiests in 
many respects. The following are some of the more important uses 
which it serves: 

Value to the Farmer 

‘‘Stock information” concerning soil management practices is not 
in the possession of farmers to the extent which is usually assumed. 
Such information finds a ready channel for distribution through the 
published soil survey report. An advantage of the soil report o\'er the 
station bulletin, in this distribution of information, lies in the possi¬ 
bility of sorting the information, and ]}resenting or emphasizing only 
that which is applicable in the county concerned Furthermore, 
direct applications are made to the individual soil types as they 
exist in that locality 

The general educational value of the soil report deserves considera¬ 
tion. This value has been utilized in Illinois by making the intro¬ 
duction of a new soil report into a county the basis of a two-day or 
three-day “soil fertility school.” One or more (usually two or three) 
men from the soils staff of the agricultural college arrange through the 
farm adviser for public meetings at various points in the county. 
These meetings afford opportunity not only for explaining the soil 
survey and showing the farmer how he can utilize the soil report to 
the best advantage, but also for arousing interest in the i)r(>blem of 
soil management and agricultural production in its broader aspects. 
Attention may be called to unsolved problems, the investigation of 
which may be under way. It is encouraging to note the interest which 
is shown, even by the more lethargic man, when he finds that the 
state has taken sufficient interest in his own farm so that now he 
can identify the different kinds of soil upon his own farm by means 

»Wood, T. B. and Stratton, F. J. M. The interpretation of experimental 
results. In Jour. Agr. Sci. (London), 3:417-440. 1910. And Mercer, W. B. 

and Hall, A. D. The experimental error of field trials. In Jour. Agr. Sci., 4: 
107-132. 1911. 
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of the map and then turn a few pages to specific suggestions for the 
treatment of these particular soils. 

In addition to the published reports, unpublished records of the 
survey are used almost daily in answering the inquiries of farmers from 
all parts of the state. 

VALUIi TO THE FaRM AdVISER 

The farm adviser has o])portunity to use the rCvSults of the soil 
vSurvey from the start. The mapping of a county is followed im¬ 
mediately by the preparation of a hand-made copy of the soil map‘ 
for the use of the farm advivSer Likewise, a copy of the soil analysis 
data is fumivshed to him upon request, as soon as this phase of the 
work is completed. 

VAUHi TO Prospective: Buyers, Appraisers and Others 

Prospective land buyers find in the soil report accurate descriptions 
of farm land with respect to factors which arc of very great weight in 
determining its agricultural value. Land banks, land agencies, 
farm loan associations and similar organizations make considerable 
use of soil re])orts amd maps for appraisal purposes vSoil survey 
records are also occasionally called into use in litigation. 

S. THE VALUE OF THE SOIL SURVEY AS A BASIS FOR 
SOIL STUDIES AND SOIL USE 
C. IN THE TEACHING OF SOILS IN COLLEGE^ 

Discussion by Firman E. Bear^ 

In teaching the course in Soil Management, which is required of all 
students taking the course leading to the B. Sc. degree in the College 
of Agriculture of Ohio State University, it has been the policy to 
require each student to bring a sample of soil, selected according to 
directions furnished him, from his home farm, for purposes of labora¬ 
tory study. In this study, the student detennines the percentage 
content of nitrogen in his sample of vSoil; its reaction, and if acid its 
probable limestone needs for the cropping system eni])loyed; its 
nitrifying efficiency, with and without the addition of calcium car¬ 
bonate; its a?otohacter content; the soil class to which the sample 
belongs; and its probable type as determined by comparison wdth 
typical samples of the various types on disjilay in the lal>oratory and 
from a knowledge of the location from which the sample was secured. 

^Papef read as a part of the symposium on “The Utilization of the Soil Survey'* 
at the meeting of the Society held in Chicago, Ill., November 13, 1923. 

^Professor of Soils, Ohio State University, Columbus, Ohio 
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It happens that a fairly satisfactory reconnaissance soil survey has 
been made of the entire state of Ohio and that detailed surveys have 
been made of representative counties in various parts of the State. 
Thus it is possible to check the students' classification of the samples 
which they bring into the laboratory by knowing the location from 
which they came and by experienced examination with the thumb and 
finger and the eye. The chemical studies indicated above are of 
additional value in this connection. 

Since the number of students taking the course is from 150 to 200 
per year and since these students come from almost every county in 
the state, several representatives of each of most of the prominent 
soil types are to be found among their samples. By arranging the 
data secured from laboratory examinations of these samples, as it is 
handed in on report cards by the students, on a chart placed on the 
bulletin board in the laboratory, the students, from a study of this 
chart, gradually come to appreciate the significance of the series names 
and to have a fairly definite conception of the meaning of the soil 
survey maps, both the reconnoissance maps and the more detailed 
county maps. 

In preparation for their laboratory study, the samples are dried and 
pulverized to pass a lo-mesh sieve, the gravel being discarded. Part 
of each sample is placed in a 16-oz. screw-capped glass jar; the re¬ 
mainder of the sample is then pulverized to pass a 100-mesh screen 
and this portion is placed in a smalla- jar of the same design. I'his 
work is dor.e for the students by the laboratory assistants according 
to a standardized procedure. The soil samples, neatly labeled, are 
passed out to the students, who find considerable interest in comparing 
their own samples with those of their associates. As the work of the 
quarter proceeds and as the laboratory chart becomes filled with 
data, there is a very noticeable increase in the interest of the stu¬ 
dents in their work with these samples. 

More recently, it has been thought desirable to make a permanent 
collection of the more important soil types of the state and in much 
larger amounts than are to be had in the usual laboratory collections. 
It was finally decided to outline a miniature state of Ohio, on a portion 
of the experimental field nearby, and to place within this area samples 
of the various soil types located in positions corresponding to those in 
which the soils are the predbminating types naturally. For this 
purpose 160 large sewer tiles, having diameters of 24 inches each, are 
being arranged in 40 groups of four each. Each group of tiles is 
being filled with a prominent soil type, and is so placed as to indicate 
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the location of the soils within the state. The samples are being 
taken to a depth of 24 inches by natural horizons, or layers, which are 
being placed in similar positions in the tiles. Each of these tiles is 
buried in the soil up to within a few inches of its top. The soil types 
contained in the tiles are placed immediately on top of the subsoil ex¬ 
posed by excavating in placing the tiles in position. Each tile holds 
approximately 500 pounds of soil and subsoil. 

Fortunately, the city of Columbus is so located as to be accessible, 
by good roads, to almost any portion of the state and the soil can be 
hauled by truck from its natural location to its new position with little 
delay before it is placed in the sewer tiles. Of the 40 soil types found in 
this state, six Were placed in position in 1923. A similar number is 
expected to be brought in each year until the collection is completed. 

The purpose of this collection is to provide for the students, and for 
investigational purposes, a collection of the soil types of the state. 
These may be studied as to their superficial characteristics, by the 
students, at any time during the year and, as to their relative pro¬ 
ductive capacities for a standard crop rotation, during the growing 
season. The soil in the first tile of each soil type will be given no 
fertilizer treatment; that in the second will be given a standard 
application of limestone; that in the third will receive phosphate in 
addition; and the soil in the fourth will be treated with a complete 
fertilizer. A four year rotation of com, oats, clover and wheat 
(with sweet clover) will be followed. It is believed that by this method 
the students, as well as the visitors who are interested, will be able to 
fix fairly definitely in their minds the characteristics of the various soil 
types and their locations within the state, and that they will gain some 
ide^ as to the relative productive capacities of these soil types for the 
crops grown. 



6 A. THE UTILIZATION OF THE SOIL SURVEY IN CROP 
EXPERIMENTAL WORK' 

Discussion by W. L. Burljson^ 

Dr. E. W. Allen,^ in his address as Vice-President of the A^i- 
cultural vSection, American Association for Advancc.nient of Science, 
in December, 1921, said that “certain types of work have not been 
marked by ^owth, vision and method, witli the result that con¬ 
clusions drawn from them are of doubtful scientific value.” fie indi¬ 
cated his belief that “we have not yet learned how to interpret, 
except superficially, the answer which the soil and the plant give as 
just w.hat has happened or what the apparent elTect is due to, we have 
not yet learned how to examine a plot of soil so as to determine the 
changes occurring from time to time or brought about by long con¬ 
tinued systems of treatment, or how to connect these changes with 
the response of the crop in a given season or period. Indeed relative¬ 
ly little study is now given in such ex]ieriments to the soil itself, and 
only to a limited extent are underlying questions suggested by such 
experiments being intensively studied.” A statement of this charac¬ 
ter coming from Dr. Allen is worth more than a brief reflection. 
It calls for a pretty thorough examination of any line of research, 
especially in crop production, a subject which deals particularly with 
climatic and soil factors in their most complex form. 

Studies in the field performance of crop varieties, or strains, have 
been planned in a sort of haphazard way, with no very great t.bought 
of the accuracy of the results. It is not at all uncon mnn to find 
published data which are based on only two or three years' work and 
from only a single plot in each season. Cultivation exjierinx'nts.on 
com have been long continued, yet it is well nigh im]KJSsible to draw 
reliable conclusions because little or nothing is kn<wn of the life 
cycle of the com plant. A vast amount of money has been S[)ent on 
com diseases, but today progi'CvSS is handicapped because the soil 
physicist and biologist w^ere not called in time. 1'he whole crop 
disease problem seems at times to be so tied u]) with s(dl problems 
that one ma}^ question whether or not the task belongs to the soil 
research worker as inucli as it docs to the plant pathologist. At any 

U^aper read as a })art of the sytiij^oshnn on ‘The Utilization of the Soil Survey’' 
at the meeting of the Society held in Chicago, Ill., November 13, 1923. 

^Head of the Department of A^onomy, University of Illinois, Urbana, Ill. 

®Allen, E. W. The methofl of science in agriculture, In Science, n. s. 55:6-11. 
1922. 
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rate, it is quite clear that the soil has a very significant influence on 
the pathological problem 

A study of projects in crop production gives one the feeling that 
the ‘‘mere accumulation of data” is the chief end in view. It is well 
to admit that much of agronomic work is of ‘‘an elementary nature” 
and based largely on observation, and that rarely is there an attempt 
to get at the fundamental underlying j)rinci]jles having to do with 
plant growth and plant relationshi]js. 

7'here is room for little argument on the points which Dr Allen 
raises. It is well to admit tlu'm without discussion, because they give 
such a very fine place to begin to recast the form and ])lan of work. 
There seems to be a growing desire to strengthen the mam' weak 
spots in plajlt investigations which Dr. Allen has so helpfully set down. 

Last summer, a corn-belt section of this Society was organized for 
the express ])ur])ose of studying critically the investigations which 
are now under way in the central states. The first meeting of the new 
grou]) was held at the Universit}- of Illinois. Almost two days were 
devoted to a study of the work of the Agronomy Department of that 
institution. Clearly, methods of field investigation were the point of 
greatest interest. The planning of crop exj)eriments from the stand¬ 
point of imifoiTnity of soil ty])e, ])l()t arrangement, reification, etc. 
seemed to attract a great deal of attention. More freely than ever 
before the workers discussed their problems with their fellow workers. 
Each one seemed to be looking for help from whatever source it was 
available. 

These things mean that the outlook for a new order in research 
methods is taking a substantial hold. From all sides comes word that 
cro])S men are joining hands with the jfant pathologist, the plant 
])hysiologist, the chemist and the ])liysicist. In other words, the day 
of team work is dawning. Without doubt much good will come from 
these joint efi'orts. Many mistakes could have been avoided in the 
past if crops workers had called upon a fellow worker m the field of 
science. This brings me directly to the topic which I run to discuss. 

No attempt will be made to mc^asure exactly how heljiful the soil 
j)h)ysicist may be, but im endeaA'or to ])oint out how cr('>ijs investi¬ 
gators mid the soil jihysics worktTS are co-o])erating in planning 
field work in crop jiroduction. S])ecific illustrations will serve well 
this purpose. 

Some years ago, the Alhambra crojis field (a tract of forty acres of 
land), was given outriglit to the University of Illinois for ex])erimental 
work. Of course, “we had to take it.” The soil is classified as brown 
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gray silt loam on tight clay. Such a soil is very nonuniform. Many 
so-called scald spots may be found in this tract. For the first two 
years soybeans Avere grown on the field with quite satisfactory re¬ 
sults, but with considerable variation in different plot yields. The 
yields on certain plots were almost double those on others. It was 
not until oats were seeded on the tract that the irregular nature of the 
soil showed up fully. When the oat crop was about three inches high, 
the plants on certain plots began to die and before the end of a two- 
week period the crop was a discouraging sight. After consultation, 
it was decided to recommend to the Dean of the College the dropxjing 
of experimental work on this field; but on going over the problem it 
was learned that these “scald spots'’ are typical of the type of soil 
which Ts called brown gray silt loam on tight clay. Since this was the 
case, and there is a large area of this type in Illinois, it seemed to be 
wiser to continue the experiments on this x)articular tract of land. 
The task which remained was to plan checks and replications so that 
the work might be carried on in such a way that the results would be 
reliable. The division of soil physics has made a detailed soil map of 
the field and has recommended to the crops section the arrangement 
which is bCwSt suited to overcome soil variation. Plots will be x)laced 
with reference to soil types rather than with reference to tlie north 
star. 

An illustration from the Palestine soil exx:)eriment shows how the 
soil survey prevented the making of a second mistake similar to that 
just mentioned. A study of the fertility results from this experiment 
would lead one to believe that there is gi’eat difference in the soil 
type, but a glance at the soil map shows that there is uniformity 
throughout the field. Such differences must be looked for in soil of 
the character clearly shown by the survey. 

Experience on another soil experiment field may be cited as an 
illustration of a different type of assistance which the soil survey 
may give. The Sidell field has presented certain difficulties in the 
matter of interpreting the results obtained from that field. Just 
recently a detailed survey of the tract has been made and four rather 
distinct types recorded. Just what to do here is a real problem. It is 
doubtful if the plots could have been arranged in such a way as to 
overcome soil differences. It is quite certain that in the future no field 
will be accepted when there is as much soil variation as there is in the 
case of the Sidell field. 

The Pana soil experiment field presents in a very striking way the 
value of a soil survey in planning plot arrangement. Two principal 
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soil types are represented in this field. There is a marked difference 
in the yield of crops ^own on series too and 400. To obtain most 
accurate results plots in series 100 should be repeated in series 400. 
Possibly, if the work is carried on throuj^h a long period of years, the 
difference will be overcome, but there is some doubt that many 
years of repetition will overcome all the trouble. 

The Urbana crop field holds certain interesting features. The 
southwest rotation has three phases of brown silt loam within an area 
of 16 acres. It is too late now to rearrange the plots, but it is not too 
late to make use of the soil survey in interpreting the results. The 
plots of series 300 nearly always give the best yields obtained from the 
four scries, while those of series 100 stand at the low end of the list. 
A glance at the map shows that the soil of series 300 is black clay loam, 
the very richest soil of this state, while that of series 100 is a light 
phase of brown silt loam. These are facts which are decidedly worth 
knowing when one is studying the crop returns secured from this 
rotation. Certainly, difficulties are arising in interpreting the results 
of this rotation because of soil variation. 

One may quite naturally ask the question, “does a field uniform in 
type tell the full story "” As early as iqoq, Dr. L. H. wSmith reported 
certain field results w'hich will throw some light on this question. 
The records w^ere taken on “a field that had been sixteen years in 
pasture, wdiich was broken up in 1805 and laid out into plots to be 
subsequently used for soil experiments. The land is slightly rolling 
but otherwise quite uniform in appearance. There are in the series 
to be considered in this connection 120 one-tenth acre plots. These 
plots were all planted to com for three consecutive years without any 
soil treatment, so that the records offer a rather exceptional oppor¬ 
tunity for a study of this kind.” In 1895, the range of variation in 
yield of com was 54 bushels per acre. In 1896, it w^as 104 bushels per 
acre; and in 1897, 80 bushels per acre. Dr. Smith points out that 
“plots lying adjoining have shown the following maximum variation: 
1895, 18 bushels; i8g6, ii bushels; 1897, 8 bushels.” Headdsthat: 
“The above results give us a conception of the unaccountable plot 
variation which we have to deal with in field tests. The possibility 
remains that a still closer study might detect some abnormal factors 
at play to account for these variations in certain cases, but the study 
certainly suggests the importance” of a careful study of the field 
before comprehensive and expensive experiments are put under way. 

This work indicates clearly the need of a more detailed study of the 
soil than is ordinarily included in the usual type of soil survey work. 
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There are some indications that, in addition to the soil type, certain 
other soil, characters should be obtained before starting field work 
which is to continue over long periods of time, namely, the chemical, 
physical and biological nature of the soil. 

For about six months, Dr. R. S Smith has been seeking for a 
field near Urbana which might be suitable for crops experimental 
work. He has tramped over the section quite thoroughly without 
very encouraging results. No field will be accepted by any division 
in the agronomy department which is not at the very outset approved 
by the division of soil physics. 

In planning crop i)roditction field investigations, the help of the 
division of soil physics is necessary if the work is to be fundamentally 
sound. If plans which are now under way are carried through, any 
field ttsed for agronomic work will be examined in the following way: 
(i) the soil of the field will be surveyed and mapped in order to de¬ 
termine its uniformity; (2) if found suitably uniform in soil, the con¬ 
tour will be determined; (3) plots, check, etc. will be so arranged as 
to overcome soil differences; (4) A study of the chemical and bio¬ 
logical nature of the soil will be made as far as possible; and (5) 
soil samples will be taken for determinations of nitrogen, phosphorus, 
and potassium content. 

It seems now that if dependence is to be placed in field tests every 
precaution should be taken to insure their accuracy. This means 
that there must be known as nearly as possible the nature of the soil 
and what is going on in it from season to season. Added to this, 
there must be a sufficient niunber of plot replications extending over 
long periods of time. 

6 B. UTILIZATION OF THE SOIL SURVEY IN CROP 
EXPERIMENTAL WORK’ 

Discussion by C. A. Mooers^ 

In this brief discussion I have in mind only such conditions as are 
found in Tennessee and similar parts of the South where residual soils 
predominate. I'nfortimately, I am not in the possession of the ex¬ 
perimental evidence which would enable me to speak with full 
assurance on all phases of the subject. The Tennessee agricultural 
experiment station has, however, conducted numerous crop experi¬ 
ments on widely different types of soil and out of the accumulated 

'Paper read as a part of the symposium on “The Utilization of the Soil vSurvey” 
at the meeting of the Society held at Chicago, Ill., November 13, 1923. 

^Director, Tennessee Agncultuial Experiment Station, Knoxville, Tenn. 
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data I will try to draw such conclusions as I have reached during 
my experience of the past thirty years. 

THE FACTOR OF SOIL REQUIREMENT 

The reports of the Bureau of Soils surveys describe general pro¬ 
ductivity conditions, but do not attempt to give the soil require¬ 
ments, other than to make such simple suggestions as appeared appro¬ 
priate to the survey workers. Suggestions of this kind, as well as 
indications reached from wire basket experiments, have not proved 
of special value, but they may call attention to the need of further 
information. When, however, the soil requirements have been de¬ 
termined at even one representative locality, the soil survey becomes 
doubly useful in the making of crop recommendations elsewhere on 
that same soil type, for regard must always be had to the crop re¬ 
quirements. Alfalfa has a high lime requirement. Lotus, a legume 
resembling alfalfa in general appearance, has a low lime requirement. 
The lime requirement of crimson clover is less than that of red clover, 
which in turn is less than that of alfalfa. Barley thrives on an abim- 
dance of nitrogen and will make good use of an amount that would be 
too much for either wheat or rye. Hence, considerable caution must 
be exercised in the making of recommendations, both as to crop 
adaptability and special soil requirements; for soils of similar color 
and texture, but originating from the decomposition of different 
geologic strata, are apt to differ ap])rcciably in plan t food requirements. 
Also, soils of the same origin vary with the lay of the land, the kind 
of farming that has been practiced and the length of time imder 
cultivation. For these reasons, crop experiments under a number of 
different conditiims may be necessary^ in order to determine both 
what crf)])s are capable of being advantageously growm and what 
varieties should be used on an area as surveyed. 

CROP AND VARIETAL ADAPTABILITY 

That light soils are especially well suited to truck crops and that 
heavier ty])es are preferable for wheal and grass, has long been known. 
Outside of similar broad generalizations, however, the special adap¬ 
tability of a crop to a special texture of soil seems to be a matter of 
uncertainty. For example, Burley tobacco is being successfully 
grown on rather widely different soils in Tennessee and Kentucky. 
Apparently, any one of several soil types is as good as another for 
this crop, provided that proper attention is given to the requirements 
of the crop, an important factor being an abundance of plant food of 
all kinds; in other words, Burley tobacco is primarily a rich-land 
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crop. As a somewhat different example, alfalfa is generally considered 
to be a rich-land crop, but at the West Tennessee experiment station, 
on a silt loam of only moderate productivity when planted to non¬ 
legumes, the yields of alfalfa are greater and the crop more certain 
of success and long life than on other and apparently similar silt 
loams, even when the latter are more productive as measured by the 
yields of non-legumes. Perhaps subsoil conditions may explain the 
difference. While the soil survey may be of material assistance in 
demarking the limits of areas naturally well adapted to a crop, it is 
not necessarily of noteworthy utility in this respect to the farmer, 
especially in a long-cultivated section, where most crops have been 
tried out and the results are common knowledge. If investigation by 
the experiment station or any other agency shows how to make a 
success of a crop previously considered not to be adapted to the soil, 
a brief soil description in the bulletin or report may prove to be 
sufficient for practical use, but the value of a soil surv^ey to which 
reference could be made is ap]mrcnt. 

The results obtained by the TenneSvSee experiment station in varietal 
trials of corn, as conducted for a number of years on various soil 
types, show conclusively that varieties vary greatly in their adap¬ 
tability to soils which differ in jiroductivity. 'I'hat is, in terms of 
extreme conditions, there are rich-land and poor-land varieties. 
At the outset of this work, I thought that there might be some 
correlation betw^een soil type and varietal adaptability, but at present 
I do not see aii}" such relationship except as it concerns degree of 
productiveness. 1'hat is, if a half dozen varieties yield in a certain 
order on land which is capable of producing in the neighborhood of 
30 bushels of corn per acre, I would expect them to give yields in the 
same order on any other soil type of similar productivity. What is 
true of corn is probably true of many other crops. 

This subject is of much practical importance and merits, I believe, 
greatly increased attention. At the Tennessee experiment station, 
the opinion that the productivity of a soil is usually the major factor in 
controlling both crop and varietal recommendations has been 
greatly strengthened in the past few years. Also, this point of view 
simplifies and explains much data that at first sight appear to be 
conflicting. 

OTHER IMPORTANT USES OF THE SOIL SURVEY 

Some applications of the soil survey have been mentioned, but 
there are other important uses. One of these is the discovery of areas 
which have not been called to the attention of the crops department. 
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If the soil survey completely covered Tennessee, I have little doubt 
that it would disclose types of soil on which no station experiments 
had been conducted. 

Another asset of the soil survey lies in the naming and thereby 
making more definite tlie soil type on which crop experiments have 
been made. By this means, results obtained at widely separated 
points can be comjjared, and workers in other states are much 
better able to interi^ret and utilize them than would otherwise be 
possible. 

HOW THE SOIL SURVEY IS PROVING MOST VALUABLE 
TO NORTH CAROLINA^ 

C. B. Williams- 

At ]:)res('nt seriems j)roblcms are confronting farmers of North 
Carolina. But perhai)S none other is of as great economic importance 
as is that of the Iniilding of the fertility of their soils by economic 
means. In order to carry on soil investigations systematically and 
logically in any state, it is necessary to have the different types of 
soils majiped, anah'zed and described. The mapping and analyses of 
the soils are as basic in soil investigations in any state as is the carry¬ 
ing on of the field work, because it will not be possible to conduct the 
field work most intelligently and a])])ly the results most rationally 
unless one knows the soil conditions and their deficiencies in the 
difterent counties of the State. The soil survey furnishes the data 
that are needed in applying the results of the field investigations, 
both with soils and with crops. 

North Carolina (in iSgg) was one of the first of the states to take up 
the stud}^ of its soils in this systematic way. 

In this state, all exi^erimcntal work wdth fertiliz.ers and in variety 
tests and for improvement of crops is carried on with reference to soil! 
types. At first, the larger and more important types were selected 
for the location of the branch stations and the outlying fields. Later 
on, as rapidly as funds have been available for carrying on the work, 
it has been extended to the important agricultural types of the State. 
Working under such a plan, after definite information has been se¬ 
cured from the field, it has been found that the results may be applied 
quite safely in a general way to the soils of nearly all farms located on 

‘Contribution from the Division of Agi*onomy, North Carolina State College of 
Agriculture and Engineering, Raleigh, North Carolina. Read at the meeting of. 
the Society held in Chicago, Ill., November 13, 1923. 

*Chief of the Division. 
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the same type of soil, regardless of how widely separated within the 
state the soils of the same type may be from the one on which the 
experiments were conducted. 

The following are some of the ways in which the s6il survey has 
proved to be valuable to different classes of people and for different 
purposes in this state. 

1. To agricultural workers: 

(a) It has provided county agents and extension workers with 
definite first-hand reliable information with reference to the general 
agricultural conditions existing in the county or section in W'hich they 
are working. 

(b) It has provided all agricultural workers with a definite basis on 
which to apply results that have been secured in experimental work 
on different types of soil. 

(c) It has provided the definite information which farmers are de¬ 
manding at the present time frem station and extension wrorkers. 
The soil survey reports, together wdth auxiliary publications, are the 
main sources from which this supply of information is drawn. The 
extension worker must not only refer the farmers to these publica¬ 
tions, but in many cases it is his duty to interpret and to help the 
farmers to apply correctly the information which they contain. 

2, To all farmers: 

(a) It has insured that a farmer who is operating on a certain type 
of soil need not spend his time and money experimenting on some 
problem which has been worked out many years before by someone 
connected with the state or federal departments of agriculture. 

(b) It has given to a farmer w^ho is wanting for information a method 
of describing his soils so that they can be identified by the person to 
whom he writes, and so made it possible to advise him intelligently 
.and reliably with reference to the best plans to follow in the treat¬ 
ment and management of his land for different crops. 

(c) It has insured that the results which have been used as a guide in 
•answering an inquiry from a farmer are absolutely a]3plicable to the 
^conditions which prevail on the inquirer's own farm. 

(d) It has made it possible to take the results from our branch 
(experiment farms and apply them directly to the farms which have 
the same character of soils located an where else in the state. 

(e) It has given to those who are growing specialized truck or farm 
crops a basis of knowledge as to where they may find soils of the type 
adapted to these crops in their own communities or elsewhere in the 
State, if they should desire to extend their operations or move from 
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one locality to another, and has supplied the state agricultural 
experiment station with information on the basis of which it may 
advise with reference to why certain communities or sections are 
specially adapted to the growing of particular crops. 

3. For county od^ierUsing: 

The soil survey reports aid in advertising the resources and oppor¬ 
tunities in any county: 

(a) By presenting a picture of the county or area in the form of a 
map; and 

(b) By giving a detailed and unbiased description of the operations, 
industries and resources of the cotmty. 

In many,cases such organizations as boards of trade, chambers of 
commerce, or civic clubs could very w-ell afford to reprint these reports 
for wider distribution, in order to attract new^ settlers. 

4. To home seekers: 

The soil survey offers definite and reliable information about any 
particular section and its possibilities in the following matters, and 
so aids them: 

(a) To decide what section they prefer to locate in by giving them 
definite information with reference to climate, soils, adai)tation to 
crops, transportation facilities, market facilities, etc.: 

(b) To decide what kind of cro]^s they should grow in their new 
location, varieties of these crops, methods of cultivation, and methods 
of building up and maintaining a high state of fertility of their soils; 

(c) To guard themselves against the operations of crooked land 
agents; since the re])ort sets forth the prevailing price of lands of a 
certain character, informs the j^rospective purchasers as to the de¬ 
velopment that has been made on certain soils in certain sections, 
and discusses labor conditions and markets. 

5. To county commissioners: 

The soil survey map is helpful to county commissioners: 

(a) For general reference; 

(b) As an aid in determining whether or n(^t a certain road should be 
made public, by showing the extent of development of that par¬ 
ticular section, the distance from other public roads and character 
of drainage; 

(c) By making it easier to plan and construct new roads; 

(d) By acting as a reliable guide for land assessors. (In one 
county, an engineer actually copied the soil survey map and sold it to 
the county commissioners as his own work.) 
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6. To county superintendents of education: 

The soil maps help county superintendents of schools: 

(a) By showing accurately the location of all schools in each coxmty; 

(b) By indicating whether or not a new school should be established 
in any particular section from which a petition may come; 

(c) By indicating whether or not certain schools should be com¬ 
bined. 

7. As an aid in making other surveys in the counties of the state: 
The soil survey map is found valuable in making other surveys, 

such as: 

(a) War maps, giving details of all waterw^ays, bridges, roads, 
railroads and canals of the entire state; 

(b) Special reports of any kind by civil engineers, such as best 
location for the public roads of the county; 

(c) Reports for bridge construction companies; 

(d) Health, educational, farm-life, social service and other surveys. 

8. To teachers of agriculture and sciences. 

(a) By aiding the teacher to know something about the soils and 
farming on the farms of the patrons around the school so that it can 
be taught in the schools; 

(b) By helping the teacher to explain to the children the extreme 
importance of a soil survey map; 

(c) By helping the children to become familiar with the main 
characteristics of the leading soils of the community and thereby lead 
them to an increased interest in the soils and general agricultural 
conditions throughout their coimty; 

(d) By indicating the location of other schools of the county, also 
the names of streams, school houses and churches; 

(e) By giving the children a necessary knowledge about local con¬ 
ditions and thereby broadening and practicalizing their education. 

9. To manufacturers and lumbermen: 

Men engaged in these industries have fotmd the soil survey reports 
very valuable, because they give: 

(a) The location of waterways, roads and railroads; 

(b) An intelligent discussion of local factors and designate places 
that would be suitable for the establishment of manufacturing plants; 

(c) Information with relation to the water-power that may be 
developed; 

(d) Information with reference to the convenience of transporting 
raw materials to, and manufactured products from, the plants. 
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10. To real estate agents: 

Real estate dealers find that, upon familiarizing themselves with 
the soil reports, they 

(a) Can more safely and intelligently describe lands to prospective 
buyers; 

(b) Can advertise farms more accurately for prospective bu^^ers; 

(c) Can give definite and precise information with reference to 
soils, crops, etc., to all of those wdio are seeking information with the 
hope of finding a suitable location to settle. 

11, J'o travelling men, canvassers, and tourists: 

These classes of people find the soil survey reports very helpful: 

(a) Jn determining what are the shortest routes through a comity 
or area; 

(b; In the location of roads from all cities, towns and i)ostoflrices; 

(c) In the location of streams and main highways; 

(d) In the location of dwellings and their distance apart or from 
railroads. 

12, To the I ^nited States Posiofficc Department: 

In many cases, jiostoflice in.spectors liave de]>ended uixm the vSoil 
maps attached to soil survey reports, when they arc available: 

(a) In measuring and la>dng out rural routes; 

(b) In planning new routes intelligently and ex])editiously; 

(c) In saving the expense of making route maps 

13. To farm loan and other hanks lending money on jarm lafids: 
All institutions lending money on farm lands have fomid the re¬ 
ports valuable in the following respects' 

(a) They put in the hands of the appraisers definite information 
with reference to agricultural conditions in any county or section of it. 

(b) They give the appraiser definite infonnation with reference to 
the soils and their agricultural value of the comity. 

The federal land banks have depended largely upon the informa¬ 
tion contained in the soil survey reports and maps in appraising 
agricultural lands for loans to farmers. 



LAND COVER STUDIES AS A BASIS FOR A MORE ACCURATE 
INTERPRETATION OF THE SOIL SURVEY^ 

M. Francis Morgan^ 

INTRODUCTION 

Soil surveys are in progress in many states of the Union. Within 
a few years more than half of the land area of the country will be 
mapped to show general soil conditions, as far as these can be de¬ 
termined through a method of classification such as has been de¬ 
veloped by the United' States Bureau of Soils. At this moment, it 
appears doubtful that other lines of investigation have kept pace 
with the survey in their contributions to the development of a more 
accurate knowledge of soil relationships. The soil survey can show 
the distribution of soils of certain characteristics. It remains to the 
agronomist, the ecologist and the forester to show how best to use 
them, else the millions of dollars expended in soil survey work will be 
of little avail. 

Some mistaken conceptions may have contributed to the somewhat 
chaotic condition which now exists in regard to an interpretation of 
the soil survey. The tendency has been to consider the use of the 
soil map by the individual farmer as the i)rimary object, and the 
reports have been shaped in the light of this view. In actual practice, 
twenty-five years of elTort has failed to reach more than an insignifi¬ 
cant number of the farmers in the areas surveyed, while scientists, 
extension workers and other students of the soil of a given region have 
limited themselves to a very superficial and elementary discussion of 
the real nature of the soils mapped. Is it merely a lack of publicity 
that has caused farmers to ignore the surveyThe limitations of the 
soil map, as applied to a particular field on the farm, are apt to lead 
the farmer to very erroneous conclusions if he attempts to use it as a 
guide to soil management. 

Furthermore, the soil survey has made no claims of usefulness as a 
guide to soil productivity. Little attem])t has been made to correlate 
soil type with plant growth. Perhaps this is beyond the ])roper 
functioning of the Bureau of Soils. It has been stated (5)'"* that it is 
not generally possible to classify soils by the things that grow ujxm 
them and this has led to the inference that little correlation can be 
made between the soil and the plant. 

^Contribution from the Department of Soils, Connecticut Agricultural Ex¬ 
periment Station, New Haven, Conn. Received for publication April 26, 1924. 

•Associate Professor in charge of soils research. 

•Reference by number is to “Literature Cited”, p. 458. 
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Eflforts, such as those by Pendleton (4), have been made to corre¬ 
late i)roductivity with soil type, through chemical analyses and 
fertilizer experiments. In Ohio (7) and elsewhere, the soil types 
represented on the various experimental fields have been given due 
consideration in inter])reting results. The im]jortancc of such corre¬ 
lations has been ])ointed out by Brown(i). Frcquentlv, a failure to 
recognize that any samj^le or ])lot fnan a maj)ped area is truly repre¬ 
sentative of that soil tyj)e has resulted in very iiTcgular conclusions. 
vSome stales, notcibly lllincis (2), have made very detailed soil maps 
of their experimental fields, and something realh" valuable can be 
expected in the future along this line. 

1'he sur^’ey workers in the field have not altogether disregarded the 
ecological significance of soil type; but the nature of their \vork has 
limited them to a few casual observations, with no effort to accumu¬ 
late data in su])port of the conclusions w hich they have reached as to 
the typical flora f)f a given soil 

In connection wdth forestry. Veatch (8) and Kelly (3) have made 
studies on the ti'ee associations on various soil types. This work shows 
the possibility of such a line of investigation 

Thus far the one notable attempt at a correlation of soils wdth land 
cover has been in the w'ork C)f the land and economic surv’ey in 
Michigan (6); but it must he remembered that their soil studies w^ere 
but incidental to a predominantly economic project. 

Connecticut, with an agricultural history of more than tw^o cen¬ 
turies, with some vei*}’ intensively farmed areas, yet with many 
tracts w^hich have alwa^^s been in forest, or which ha^^e been in pasture 
long enough to revert to a stable condition as to flora, offers certain 
peculiar advantages in a study of land-cover relationships. 

During the past season (1923), something of this sort w^as attempted 
in connection with a broader jiroject of the suiwey of both soil and 
economic factors w'hich have contributed to the present adjUvStment of 
agriculture in a tyjiical New'^ England towm. A belief that the soils 
phase of the above survey, altho of a limited ap])lication, will con¬ 
tribute something to a clearer conception of the im]jortance of this 
tt^pe of investigation has jjrompted the WTiter to submit this brief 
summary of the above wT)rk, 

PLAN OF WORK 

The towm of Lebanon, with purely agricultural interests, settled 
prior to 1700, and located in the central portion of the “eastern 
highlands” of Connecticut, w^as selected for the above survey. The 
area had been mapped by the Bureau of Rcnls in 1911 as ])art of the 



Table i. —Description of important soils tn Lebanon soil type—land cover survey. 
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New London County soil survey, but since it seemed desirable to 
obtain more detail than can be shown on the i /62,5oo map, and since 
conceptions of soil classification have developed materially during 
the last ten years, it was decided to make a new and more detailed 
soil survey on a scale of i i ,250. Close correlation was maintained 
with the most recent soil types recognized by the Bureau of Soils 
survey in Massachusetts. 

The writer was accompanied in the field by a forester, who pre¬ 
pared a land-cover map on the same scale as that used for the soil 
map, and collected data in regard to forest and pasture associations 
on the different soil types. The cover map showed areas of the 
following: (i) tilled land or mowing; (2) pasture nearly free from 
weedy or brushy growth; (3) pasture with considerable, though less 
than 50 percent, inedible forage; (4) pasture with over 50 jiercent 
inedible forage; (5) woodland, largely common mixed hardwoods; 
(6) swamp hardwoods. 

During the same period, agricultural economists were obtaining 
very complete data from each farmer in the town. The results of the 
economic soil-type correlation studies will be presented in a subse¬ 
quent paper. 

The land-cover map was superimposed upon the soil map, so that 
planimeter measurements could be made of the culture on the various 
types of soil. 

Data Obtained 

The soil survey of 1923 mapped thirty-two soil types, as compared 
with only six recognized on the same area by the Bureau of Soils 
survey of 1911. Table 1 shows the basis of classification for the fifteen 
soil types which occur over a sufficient area to merit consideration in a 
correlation study of this sort. The land-cover distribution on the 
above types is given in Table 2; while figure 1 shows this graphically 
for the eight soils of most importance in this area. 

DISCUSSION OF RESULTS 

Of the three stony soil types the data for which arc shown in Figure 
I, the Gloucester stony fine sandy loam shows a particularly high 
percentage of woodland, an insignificant area of tilled land or mowing, 
and a relatively high ratio of the more inferior pasture grades. 

The Charlton stony fine sandy loam has a smaller percentage in 
woodland, a much larger area of the better grade of j)asture and has 
considerable tilled land or mowing in spite of the stony nature of the 
soil. The Charlton loam shows the same tendencies to a more 
marked degree. 
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Of the soils similar to the above except for their relative freedom 
from stone, the Gloucester fine sandy loam shows a moderate per¬ 
centage of tilled land or mowing, with a high ratio of woodland 
even though neither stoniness nor topography are generally adverse to 
tillage. The present cover on the Charlton soils shows that two 
hundred years of experience has taught that these types are best 
adapted to tillage and improved pasture, and that the loam is the 
most desirable soil in the towm for the dairy system of farming 
generally follow^ed. 

The uses now being made of the Hinckley gravelly sandy loam and 
the Merrimac fine sandy loam show that their lovr value as mixed 
hardwood .sites is generally recognized, and that, in case of the former 
soil, its gravelly nature and excessive drainage have limited its use for 
tillage, and necessitated its utilization for inferior grades of pasture. 
The Merrimac soils show a more favorable condition for tillage, 
while the ratio of low quality pasture is much higher than with the 
Charlton soils. 

Similar deductions can be drawn from a study of the data for the 
other soil types, although their limited occurrence, or abnormal re¬ 
lationships, limit the accuracy to a considerable degree. 

CONCLUSIONS 

It is believed that since a study of this sort shows certahi well de¬ 
fined relationvships of soil tyi^e to land cover, additional sur^^^eys in 
specially selected areas which show the best develojment of the im¬ 
portant soil types, es])eoially in the older agricultural regions of the 
east, may be expected to prove valuable contributions to a more 
accurate interpretation of the soil surv^ey of similar areas of the same 
type of soil. 
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FACTORS WHICH INFLUENCE THE NICOTINE CONTENT OF 
TOBACCO GROWN FOR USE AS AN INSECTICIDE^ 

R. W. Thatcher, L. R. Streeter and R. C. Collison^ 

The high efficiency of nicotine as an insecticide for many types of 
insects which injure horticultural plants has aroused much interest in 
the possibility of securing more adequate supplies of this material at 
less cost than is possible at the present time. In South Africa, (i)' 
the government has established experimental mills for the production 
of tobacco extracts and has undertaken extension field experiments 
with the view of producing tobacco having a high nicotine content for 
use in the manufacture of these extracts; in the hope of not only 
supplying the home demand for this material but also of later estab¬ 
lishing an extensive export trade in it. In the United States, the 
preparation of tobacco dusts and of nicotine extracts for insecticidal 
uses has thus far been chiefly a by-fjroduct industry. But the de¬ 
mands for these products is increasing rapidly and more efficient 
and economical sources of wsupply and methods of preparation are 
urgently needed. 

In the past, the chief interest in the nicotine content of tobacco has 
naturally been in connection with its effect upon its smoking qualities. 
In igoQ, Gamer (2) discussed in detail the matter of the relation of the 
different forms of nicotine and of the organic acids which are formed 
in tobacco upon the so-called “strength’' of tobacco when used for 
smoking purjx)scs. l^^jllowing this, most of the ex])erimental work 
which has been done with tobacco has had in view the reduction of 
total nicotine, or of its change thrf)ugh fermentation in “curing’' 
into forms which are less obnoxious to most smokers. 

Recently, hovTver, the discovery that the s])ecies of tobacco 
known as Nicotiana rustica generally contains much higlier percentage 
of nicotine than do the viirieties of A", tabacum which are commonly 
grown for smoking jmrposes, has suggested the possibility that this 
kind of tc')bacco might be gi*own est)ecially for use as an insecticide 
either in the form of tobacco dust or as some nicotine preparation 
made from it. The entomologists, the insecticide chemists and the 
agronomist at the New York State Agricultural Experiment Station 
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all became interested in this possibility and a project involving field 
and laboratory studies of it was begun in the spring of 1922. These 
studies are by no means completed; but certain progress has been 
made and certain suggestions as to future possibilities have been de¬ 
veloped which it seems desirable to report at the present time. 

EXPERIMENTAL WORK 

PRELIMINARY EXPERIMENTS WITH NICOTIANA RUSTICA 

Our preliminary experiments, conducted in 1922, consisted essen¬ 
tially of a study of the nicotine content of plants of Nicotiana rustica 
when grown under different soil and cultural conditions at different 
localities in the vicinity of Geneva, New York. 

A quantity of seed of this variety of tobacco was secured from the 
Office of Tobacco Investigation of the Bureau of Plant Industry of 
the United vStates Department of Agriculture. This seed was grown 
in Pennsylvania. It was planted in flats, at the experiment Station 
at Geneva, New York, and when the young tobacco ])lants were at 
the proper size for transplanting, several thousand of them were dis¬ 
tributed to each of four fruit or \x'getable growers, who oi)crate farms 
at different localities in this vicinity upon quite widely varying types 
of soil. Instructions were given to these fanners to care for the croj) 
as they would an ordinary crop of tobacco. When the ])lants were 
mature, samples were taken from each lot and brought to the experi¬ 
ment station laboratory, where they were dried and analyzed for 
nicotine content, with the results which are shown below in Table i. 

At the same time, other plants w^ere set out in rows on the sttition 
grounds for an experiment to study the effects of topping versus non¬ 
topping and of various combinations of topping and suckering of the 
plants upon their nicotine content. In this plot, alternate rows of the 
plants were allowed to grow to maturity without removal of the seed- 
stalks; while on the interveniqg rows, blossom stalks were system¬ 
atically removed as they appeared. Plants in certain rows were also 
suckered as well as topped. Different parts of these rows were topped 
and suckered at different intervals. At harvest time, samples of some 
of these plants were taken to the laboratory, dried, and analyzed for 
their nicotine content, with the results shown in Table i. 

Another experiment, to determine the effect of cultivation of 
transplanted tobacco grown in rows versus uncultivated broadcast 
field seeding, was carried out by seeding the tobacco broadcast 
directly on the soil of a small plot located not far from the rows of 
plants grown for the topping experiment mentioned in the preceding 
paragraph. These plants made a smaller and more spindling growth 
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Table i. Nicottne content of nicotiana rustica grown under varying soil and cultural 
conditions at Geneva, New York in jg22. 


. . . . j j... Nicotine in 

Object of experiment and conditions matter 

A Influence of varying soil types. percent 

Tobacco grown at Junius, N. Y., on light sandy loam 0.59 

“ ** “ Phelps, N. Y. “ medium clay loam i.oo 

“ “ “ Hall, N. Y. *. 0.97 

“ “ “ Hall, N. Y. “ heavy bottom land 2.77 

“ “ “ Geneva, N. Y. “ heavy clay loam 2.03 

B Topping and suckcring versus no treatment 

Plants grown to maturity without topping or suckering 2.03 

Plants topjied and suckcred 2.40 

C Growing in rows versus broadcast seeding 

Plants grown in cultivated rows 2.03 

Plants grown from uncultivated broadcast seeding 1,51 

D Nicotine content of different parts of plants 

Stems 0.80 

Leaves 1.51 


than did those growTi in rows, but eventually headed out and matured 
seed At harv'est time, sani])les were taken, dried and analyzed, with 
the results showTi in Table t. 

To stud>' the nicotine content of the ]}lants of this variety of 
tobacco at dilTerent stages of growth, samples were cut from one of 
the ])lots on July 2 j, when the plants were imtting forth their first 
blossom clusters, and again on vSeptember i, when the plants were 
matured and ready for harv’esting in ordinary tobacco-growing 
j)ractice These sainjiles were dried, and analyzed, with the results 
shown in Table i 

Innally, to determim* the distribution of the nicotine in dilTerent 
parts of the above-ground jiortions of the plants, certain of the sample 
{)lants whic'h had been taken from plots as above described, after 
drying, were sefiarated into difierenl parts rejwesentmg the stems, 
and the leaf}' portions, respectively. The sejiarate portions were 
groiuid and analyzed for nic('tine content, as shouni in Table i. 

All of the tobacco grown on the station grounds during 1922 re¬ 
ceived an application of one ton jier acre of a mixed fertilizer con¬ 
taining 240 lbs. each of nitrate of soda and dried blood, 320 lbs. of 
muriate of potash and 1,200 lbs. of acid phos])hate. 

All of the plants selected for analysis in the above described 
experiments were dried in an ojien attic, free from exposure to direct 
sunlight (which has been shown to cause losses in nicotine content 
(3) ), When dry enough to permit grinding in an ordinar}' attrition 
mill, they were grotmd to a fine powder. Residual moisture in this 
groimd material was determined by diymg at room temperature in a 
vacuum oven P2O5 (attempts to dry the material at higher tempera¬ 
tures resulted in loss of nicotine in every case). The nicotine con- 
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tamed in it was determined by the '*of!iciar' silico-tungstic acid 
method as outlined by the Association of Official Agricultural Chem¬ 
ists (4). 

The results of the first season’s trials were disappointing in that all 
of the samples analyzed were much lower in nicotine content than had 
been expected from results elsewhere with this species of tobacco. 
However, the results did show marked variations in nicotine content 
due to variations in environmental conditions during the growth of 
the plants. Accordingly, it was planned to study ^n some more 
detail during the season of 1923, the influence of some of the factors 
which can be controlled by the grower, in order to throw some light 
upon the problem of how the highest possible nicotine content may be 
obtained. 

VARIETY TESTS IN 1923 


All of the tobacco grovm in 1923 was fertilized in the same way as 
that grown in 1922, in order that the tests of the two seasons might be 
comparable with respect to this factor. 

The results of our determinations of the nicotine content of N. 
rustica in 1922 having shovm such unexpectedly low percentages of 
nicotine, it seemed desirable to determine, in 1923, whether this 
condition would apply also to several different varieties of N. tabacum 
if grown in this locality. Accordingly, seed of some thirty varieties of 
tobacco was secured from the experiment stations of Kentucky, 
Virginia, Connecticut, Pennsylvania and the United States Depart¬ 
ment of Agriculture. Young transplants from these seeds were set in 
adjacent rows in a plot on the experiment station grounds. At 
maturity, typical plants were selected from several of the varieties 
which had made sufficiently satisfactory growth to indicate at least 
approximate adaptibility to local conditions. These were dried and 
later the leaves analyzed for nicotine content, with the results shown 
in Table 2. 


Table 2 .—Nicotine content of leaves of different varieties of tobacco grovm at Geneva, 

New York, in 1923. 


Variety 
N. rustica 

K ti 
«l <« 

Yellow Pryor 
White Burley 
Yellow Pryor 
Penn, broadleaf 
Blue Pryor 
Big Oronoco 
Lizard tail Oronoco 
Big Havana 
Yellow Pryor 


Source of seed 

Connecticut 

Pennsylvania 

Geneva, N. Y. 

Kentucky 

Kentucky 

Washington, D. C. 

Washington, D. C. 

Virginia 

Virginia 

Virginia 

Virginia 

Virginia 


Nicotine in dry matter 
per cent 

5.99 

3.84 
4.70 
1.50 
1.10 
1,47 
1.14 
1.40 
1.38 

1.23 

1.37 

1.53 
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These results indicate that under identical conditions, N, rustica 
develops approximately three times as high a nicotine content as do 
other common strains of N. tabacum. This is according with the 
findings of Juritz in vSouth Africa (5) and Gamer in this country (6). 
Further, it is to be noted that the sample of N. rustica which was 
grown from seed collected from plants which grew at this Station in 
1922 was quite different in its habit of growth and the plants were 
much less uniform in ap];earance than were those of the other two 
strains of this species. This strain of N, rustica showed the highest 
nicotine content of any of the lots included in the test. It is not 
certain whether this is due to an inherent difference in unsegregated 
strains of this new species, or to the influence of one year of adapta¬ 
tion to the local en\nlronment in the case of this one strain. To clear 
up this possible uncertainty, it is planned to plant again, in 1924, 
several of those strains side by side, using new seed of similar out-of- 
the-state origin, and planting alongside this seed which has been 
collected from plants of the same variety grown here at Geneva in 
1922 and 1923, wherever possible. 

INFLUENCE OF ORIGIN OF SEED ON NICOTINE CONTENT 

Included among the thirty samples of seeds for the variety tests 
mentioned above were five lots of the Pryor variety, but collected 
from plants grown in different states and hence of quite w^idely differ¬ 
ent origin. The results of the analysis of the leaves of the plants, 
grown from these five lots of seed are shown in Table 3. 

Table -Nicotine content of Pryor tobacco grown from seed of different origin. 

Nicotine in dry matter 


Source of Seed per cent 

Yellow Pryor from Kentucky (dark type) 1.50 

Yellow Pryor for V'irginia 1.53 

Yellow Pryor from Washington, D. C. 1.47 

Kentucky Pryor grown in Virginia 1.64 

Blue Pryor from Virginia 1.40 


These somewhat meager results, considered along tvith others 
reported in later paragraphs would seem to us to indicate that the 
local environmental factors during grow^th are likely to be a more 
potent influence in determining the nicotine content of any given 
variety of N, tabacum than is the source of origin of the seed from 
which it is grown. 

PLANTS GROWN IN CULTIVATED ROWS VERSUS BROADCAST SEEDING 

This experiment was repeated in 1923, using three different strains, 
of N. rustica, with the results shown in Table 4. 
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Table 4.— Effect of method of culture on nicotine content of N, rustica grown at 
Geneva^ New York, in iq2j 

Nicotine in dry matter 

Strains of tobacco Cultivated rows Broadcast seeding 

per cent per cent 


N. rustica, No. 5 
“ “ No. 34 

“ “ No. 35 


3-99 2.95 

4.70 2.09 

3.84 2.58 


These results, which are in agreement with those obtained in 1922, 
would seem to indicate that the sowing of the crop broadcast without 
summer cultivation, while it might be the more economical method of 
growing the crop for use as an insecticide, affects the nicotine content 
of the tobacco so unfavorable as to render it an inadvisable practice. 
It may be, however, that heavy fertilization with available nitrogen 
would tend to overcome this difficulty and so make it possible to use 
this more economical method of growing the crop. This point will 
receive further experimental study. In addition the effect of the 
broadcasting versus cultivated row system of cultivation upon the 
proportion of leafy parts to stems of the plants needs to be studied, 
since this is an important factor in the tonnage per acre of material 
available for insecticide use. 


EFFECT OF FERTILIZERS UPON NR OTINE CONTENT OF N, Rustica 

The results obtained by /\anes and Boltz at the Ohio Experiment 
Station (7} with N. tahacum, and our exi)erience in 1922 with A^ 
rustica seem to show clearly that the nicotine content of tobacco is 
largely influenced by the quantity and kind of available ]>lant food 
material in the soil oi\ which it grows. Apparently, available nitrogen 
is especially favorable to the development of high nicotine content. 
We had planned, therefore, to conduct a considerable series of ex¬ 
periments in fertilization of N. rustica with materials canying avail¬ 
able nitrogen in 1923. Unfortunately, however, it was impossible to 
get these under way. 

But it happened that in another department of the Station a series 
of plots which were being given very unusual and heavy applications 
of certain pure chemicals, in a quite different study, was this year 
planted to tobacco of the N. rustica variety, using seed of the strain 
No. 34, which was growTi at Geneva in 1922. It happened also that 
one-half of each of the thirteen plots in this series was set to the 
tobacco plants early in the season (June 24) and the plants grew 
. ralpidly during the hot summer months to full maturity by August 
24; while the other half of the same plots were not set until July 20 
and the plants grew much more slowly during the cooler late summer 
months, so that they were not quite fully mature when it was neces- 
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sary to harvest them before they would suffer injury by frost (Octo¬ 
ber 4). Each alternate plot of the series (Nos. i. 3. 5. 13) was 

an untreated check, so that the crops g^own on these plots gave an 
opportunity to study both the effect of the added chemicals and that 
of the varying seasonal conditions under which the plants grew, upon 
the nicotine content of the tobacco. Accordingly, samples of the 
tobacco from each cutting from each plot were dried and analyzed 
to determine total yield of dry matter per plot and nicotine content. 

The treated plots have been given the following applications each 
year of the chemicals which were being used in the experiment. 

No. 2. Sodium sulfate 1000 lbs. per acre 1890-1922; 1600 lbs. 
per acre in 1923. 

No. 4. Magnesium sulfate 1000 lbs. per acre 1890-1914; 2000 lbs. 
per acre 1915-1923. 

No. 6. Calcium sulfate 2000 lbs. per acre 1890-1923; 

No. 8 Ferrous sulfate loo lbs per acre 1890-1911; 500 lbs. per 
acre 1912-1914; 1000 lbs, per acre 1915-1923. 

No. 10. vSoditun chloride 500 lbs. jier acre 1890-1923. 

No. 12. Calcium carbonate 2000 lbs. per acre 1890-1923 

I'hc results of the soil treatments and of the seasonal conditions 
upon the nicotine content of the tobacco from the two different crops 
are shown in Table 5. 


Table Effects of varying soil treatments and seasonal (auditions on the nicotine 



content of N, riistua 

grown at Geneva, 

York, in ig 2 


Plot 

Chemical 

jjH of the 

Nicotine in 

dry matter 

No. 

applied 

soil 

Early crop 

Late crop 




per cent 

per cent 

I 

N one 

6 1 

7.26 

3 -13 

2 

Sodium .sulf.'ite 

6.2 

4 

2.65 

3 

N one 

6 2 

5.S0 

4.12 

4 

.Magnesium Milfate 

6.2 

5 66 

3*30 

5 

None 

6.1 

5.76 

3.29 

6 

Calcium sulfate 

6.2 

5 5 « 

2.93 

7 

None 

6,2 

6.10 

3.07 

8 

Fcrrou.s sulfate 

.S.b 

5.61 

4.26 

9 

None 

6 2 

4.84 

3-42 

10 

Sodium chloride 

6,2 

4-51 

2.44 

11 

None 

6.2 

4.40 

348 

12 

Calcium carbonate 

7.8 

5.41 

3-28 

13 

None 

6.2 

4 - 3 b 

2-54 


These results clearly show a very marked effect upon the nicotine 
content of the tobacco of the seasonal conditions during growth or the 
influence of these conditions upon the maturity of the plants at the 
time when the crop is harvested. Warm weather, favoring rapid 
growth and early maturity, very evidently produced increased per¬ 
centages of nicotine in the tobacco. There is also an indication of some 
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effect of the varying soil treatments upon the nicotine content of the 
tobacco, but this is slight in comparison v 4 th the seasonal, or climatic, 
influence. However, these soil treatments were not planned to affect 
the supply of available nitrogen supply, except perhaps indirectly 
through their effect upon its alkalinity or acidity (as indicated by 
the pH of the soil). Since the available nitrogen content of the soil 
is probably the most potent factor, so far as plant food supply is con¬ 
cerned, in influencing the nicotine content of tobacco, these experi¬ 
ments will need to be supplemented with others in which various 
nitrogen-carrying fertilizers arc used before final conclusions as to the 
possibility of increasing the nicotine content of tobacco grown for use 
as an insecticide can be drawn. 

SUMMARY 

The growing of tobacco with a high nicotine content for use as an 
insecticide is an interesting and promising possibility. 

Former investigations of the factors which influence the nicotine 
content of tobacco and attempts to control these so as to change the 
character of the crop have always had the end in view of reducing the 
nicotine content or of ameliorating its character so as to improve the 
smoking quality of the leaf. 

The investigations reported in this paper, together with similar 
results by other workers from studies undertaken with the opposite 
purpose in view, clearly indicate that the nicotine content of any 
particular variety or crop of tobacco is very largely influenced by the 
plant food supply and climatic conditions under which it is grown. 

There is also the possibility of selection of high-nicotine content 
plants as parent stocks for tobacco to be grown for insecticide use, 
particularly from a strain of N, rustica which shows great variation 
between individual plants. 

These facts seem to offer an excellent opportunity for experimental 
efforts to increase the nicotine content of tobacco grown for use as an 
insecticide. 
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A METHOD OF DETECTING MIXTURES 
IN KANRED WHEAT SEED^ 

C. 0 . Johnston and C. W. Bower^ 

Widespread pofmlarity and a large demand for seed of any par¬ 
ticular variety of wheat often lead to mixtures, intentional and other¬ 
wise, which may injure the reputation of that variety. A common 
method of preventing the widespread sale of such mixtures has been 
the field ins])ection and certification of seed by crop-improvement 
associations and other agencies. The effectiveness of these methods 
often is impaired, however, by varietal similarities so great as to 
render it extremely difficult for even trained inspectors to detect 
mixtures in the field. Consequently, an accurate method by which 
mixtures in the threshed grain can be detected is very desirable. 

Kanred wheat, a variety widely grown in the hard-red-winter- 
wheat belt, and very similar in morphological characters to other 
varieties of the same area, is a case in point. Foranumber of years, 
the Kansas Oop Improvement Association has inspected and certi¬ 
fied fields of Kanred wheat. Under normal conditions this variety can 
be distinguished from other varieties of hard red winter wheat with a 
fair degree' of accuracy by the greater length of the beaks on its outer 
glumes. When affected by drought or other abnormal growth con¬ 
ditions, however, this difference may not be marked, and it becomes 
very difficult if not impossible to distinguish Kanred from other 
related varieties by this method. To overcome this difficulty, 
effective use has been made of the differential reaction of Kanred and 
the other varieties of hard red winter wheat to certain specialized 
races or strains of stem nist, Puccinia graminis tritici Erikss and 
Henn. 

It has been known for some time that Kanred is immune from 
certain strains of stem rust to which other varieties of hard winter 
wheat grown in Kansas arc susceptible (i, 2).^ A strain of stem 
rust from which Kanred was known to be immune was used in the 
sej^aration studies herein described. This culture was increased in a 
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greenhouse free from other rust cultures until a large supply of 
urediniospore material was available. 

It readily can be seen that if seedlings grown from mixed seed are 
subjected to inoculations with a strain of stem rust from which Kanred 
is known to be immune, the seedlings which become rusted are not 
pure Kanred. This can be said with certainty as none of the other 
hard winter wheats grown in Kansas is immune from the strain of 
rust used. By the simple process of counting the rusted and rust- 
free seedlings the percentage of mixture in the sample can be de¬ 
termined. 

To make this test, seed collected by the inspectors and samples 
sent in by the growers were used. The kernels were sown in 2 ^- 
inch flower pots, which are easy to handle and allow sufScient growth 
of the seedlings. Twelve to fourteen kernels were sown in each pot 
and ten pots sown from each sample of seed, the plan being to obtain 
about one hundred seedlings for the rust experiment. At the same 
time several pots of recently pedigreed Kanred seed, known to he 
practically free from mixture, and of Improved Turkey, an extremely 
susceptible variety, also know^n to be free from mixture, were sown as 
checks. Care was taken to see that several ]^ots of these two varieties 
were tested in each series of seedlings from the seed sent in by growers. 

The seedlings were inoculated after about two weeks’ growth, or 
when the second or third leaf was well out. Two methods have been 
used in inoculation. In 1922 the method described by Melehers and 
Parker (3), in which only the first seedling leaf was inoculated, was 
used. As this required a great deal of time, a method whereby the 
seedlings were allowed to grow to about the third-leaf stage before 
they were inoculated, was employed in 1923. In this method the 
leaves were thoroughly moistened with an atomizer and then sub¬ 
jected to inoculation by vigorously shaking heavily rusted .seedlings 
above a group of pots. This causes a shower of urediniospores to fall 
on the moist leaves of the seedlings. As such a large leaf area is ex¬ 
posed for inoculation, there is practically no possibility of any i)lant 
being missed. This method proved to be rapid and effective. After 
inoculation all pots of seedlings were placed in moist chambers for 48 
hours, and then removed to the greenhouse bench. Sporulation re¬ 
sulted in most cases in from eight to ten days. Final notes were 
taken on all seedlings at the end of fourteen days. 

When conditions in the moist chambers were favorable for in¬ 
fection, very marked differences were obtained in the amount of rust 
on the seedlings in various samples and in the two check varieties. 
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With very few exceptions the Kanred checks were entirely free from 
rust, the Imy)roved Turkey checks had one hundred per cent of the 
plants rusted, and the growers’ samples showed from zero to fifty per 
cent of the plants rusted. Where there was any doubt about the re¬ 
sults obtained from any inoculation, the experiment was repeated. 

The results obtained in 1922 and again in 1923 were very satis- 
factor>' and the data proved a valuable aid to the certification of the 
seed. As a general rule the mixed samples contained some heavily 
rusted plants and others which were entirely free from infection, 
without intermediate grades. This fact, cou])led with the complete 
susceptibility of Tmi)ro\'ed Turkey and immunity of simultaneously 
inoculated Kanred checks, left little doubt as to the significance of the 
results. To emphasize this point, data taken from the 1923 records 
are given in Table i. 

These data are typical of the records obtained during both years. 
When it is realized that nearly two hundred growers sent in samples 
to be tested each >'ear, some idea of the scope of the work can be 
obtained In 1923 about 12,000 seedlings were used in carrying out 
these tests. 

I'herc* were a few easels in the experiments of each season in which 
the Kanrc'd checks were not entirely free from rust and in which 

Tabi.I'. I. obUiined from inoculalinn of seedlings from J2 different lots of 

seed of Kanred and from immune and sio'cep^thle rheefis, wiih spores of a single 
known strain of stem rust of wheat. 


Lots testc<l 

Address of grower 

Seedlings 

grown 

Seedlings rustcil 
Number Percentage 

Sam])le No. 51 

Sabclha. Kansas 

1 1 1 

6 

5.4 

“ 52 

Russell, Kan.sas 

1 10 

26 

23.6 

" 53 

Bkikcman, Kansius 

128 

13 

10.2 

“ 54 

Coats, Kansas 

*17 

6 

51 

55 

Coats, Kansa.s 

104 

4 

3.9 

" ,56 

Kingston, Kansas 

127 

6 

4-7 

“ 57 

Hardy, Nebraska 

125 

2 

1.6 

58 

Col d wat er, Kansas 

128 

19 

14.8 

“ .59 

Cold water, Kansas 

117 

t8 

15.4 

“ 60 Richmond, Kansas 

Susceptible^ Check. 

Improved Turkey, 

(Kan. No. 2382) K. S. A. C., Manhattan, 

114 

9 

7.9 

Kansas 

Resistant Check. 

Kanred (Kan. No. 2401) K. S. A. C., Man- 

105 

105 

100.0 


hat tan, Kansas 

57 

0 

0.0 
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Improved Turkey did not show one hundred per cent of the plants 
infected, but these were exceedingly rare. For example, in 1923, 
only 9 of the 638 Kanred check plants showed any infection. When 
rust from some of these infected seedlings was transferred to other 
Kanred seedlings, no infection resulted, indicating that they were 
chance mixtures in the Kanred seed used as checks. Only $ out of a 
total of 933 inoculated seedlings of Improved Turkey failed to be¬ 
come infected. 

The results obtained in these experiments show that the rust test 
applied to seedlings is a good index of the purity of Kanred seed wheat. 
It is a rapid and accurate method and should prove a valuable supple¬ 
ment to field inspection. The method is not applicable to Kanred 
alone, but with the proper specialized forms of stem rust could be 
used for Marquis, Kota, and several of the durum wheats. The leaf 
rust of wheat may be used for similar tests to detect mixtiu^s in 
certain strains of Mediterranean, Fulcaster, and other varieties of 
soft red winter wheat. The method seems especially adapted to the 
needs of Seed Growers and Crop Improvement Associations, and 
might also be used by seed houses and millers. 
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BOOK REVIEW 


THE PRODUCTION OF FIELD CROPS 

ByT, B. Hutcheson and T, K. Wolfe. McGraw-Hill Agricultural and Biological 
Publications, edited hy (\ V. Piper. McGraw-HiU Book Co., Inc., New 
York. Rp.XV + 4QQ. Fig. 145. IQ23. $3.^0. 

The appearance of “The Production of Field Crops,” by Hutcheson 
and Wolfe, is a new “mile-stone on the way of proj^ress” in the de¬ 
velopment of field crop textbooks. As the first book to clovsely con¬ 
form to the outline for standard introductory field crop courses, 
recently adoj)ted by the American Society of Aji^onomy, this book 
should fulfill the present needs of a larp^e majority of the aj2:ricultural 
colleges of the United States. 

The material is handled in a thorough, well organized manner. 
The review of agronomic experiments of the experiment stations and 
of the United States Dei)artment of Agriculture is up-to-date and 
more complete than any previously presented. While Virginia 
experiments are dealt with in considerable detail, the work referred to 
is largely the work of the writers of the book and brings out points 
as well as similar detailed reports of results from other stations. The 
careful treatment of the experimental results from numerous other 
stations offsets any criticism which may be made to the effect that 
this book stresses Virginia work and conditions. Greater attention is 
given to varietal adaptation, according to states and sections, than in 
any crops book that has as yet been issued. This book can well be 
accepted as a standard text even in the extreme northern tier of 
states, by supj)lementing some additional material in regard to such 
crops as sugar beets, beans, s])ring wheat, etc. 

It is the o[)inion of the reviewer that Hutcheson and Wolfe's, 
“The Production of I'^ield Oops,” will render a great ser\dce in the 
agronomic field (j. F. Cox ) 

AGRONOMIC AFFAIRS 

NOTES AND NEWS 

Frederick D Richey, Agronomist in charge of corn investigations 
in the Office of CcTcal Investigations, Bureau of Plant Industry-, 
United Slates T)ej)artment of Agriculture, and Professor R. A. 
Emerson, Head of the I)ej)aiiment of Plant Breeding of Cornell 
Universit)’, returned recently from a four months trip to South 
America, in s('arc'h of \\arieties of corn that will grow at low tempera¬ 
ture, or i)ossess nota])le resistance to disease or insect attacks, to be 
used in genetic studies and in breeding for impro\^c'ment in these 
characters. Something over two hundred samples were secured. 
These were collected in Argentine, Chili, Penx and Bolivia. Some of 
them were secured fnxm localities where corn is grown at elevations of 
7,000 to 12,500 feet above sea-level, others where the temperature is 
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practically uniform during the growing season at not much above 
so® F. for the day and 40® F. at night. The samples obtained will 
afford excellent material for both genetic and adaptation studies, 

C. H. Bailey, Associate Agricultural Biochemist in charge of the 
Section of Cereal Technology of the Division of Agricultural Bio¬ 
chemistry at the University of Minnesota and also in charge of the 
state experimental flour mill in Minneapolis has been granted a 
year’s leave of absence to become technical director of the Biscuit 
and Cracker Manufacturers’ Association at Chicago, 111 . Dr. Bailey 
will continue to perform his duties as editor of ‘'Cereal Chemistry” 
during his leave. 

J. D. Romaine, formerly assistant instmetor in soils at the Penn¬ 
sylvania State College, has accepted a position as assistant in soils at 
the Michigan Agricultural (?ollege. 

The annual conference of Eastern Agronomy Extension S])ccialists 
was held at the State College of Pennsylvania on June 16 and 17. 
Representatives were present from the states of New York, New 
Jersey, Delaware, West Virginia, Pennsylvania and Ohio and from 
the United States Department of Agriculture. A very i^leasant and 
profitable meeting is reported. 

TO STUDY PLANT LIFE IN EASTERN AFRICA 

Dr. H. L. v^hantz, of the Bureau of Plant Industry of the U. S. 
Department of Agriculture, has joined the educational commission 
which is now on its way to Abyssinia and will study the native fruits, 
flowers, trees, vegetables and grains of Eastern Africa with the view 
to their possible adaptation to American agriculture. 

The route of the expedition will include the countries along the 
eastern coast of Africa, beginning at Abyssinia, thence through 
Konya, the Uganda Protectorate, Nairobi, Tanganyika Territory, 
Nyasaland, Northern and Southern Rhodesia, Portugese East Africa, 
and South Africa. 

While the other members of the commission will be chiefly inter¬ 
ested in studying the educational needs of the people in these different 
countries in the light of their religious, sc^cial, hygienic and economic 
conditions, Dr. Shantz will concern himself chiefly wdth the flora of 
the regions visited. He will also study the native methods of planting 
and harvesting props, and it is expected that many new plants and 
seeds will be secured for trial and ultimate adaptation in America. 
Dr. Shantz plans to be away on the trip for approximately a year and 
a half. 
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SOME FACTORS AFFECTING THE WATER ABSORPTION 
AND GERMINATION OF SEED CORN' 

(jKorge H. DrxtiAN- 

INTKODI(lIO\ 

The first stc]) in the j^Tnnination of (‘orn is the intake of moisture. 
The ])ur]»ose of this ])a]'>er is to jiresent the results of a senes of ex¬ 
periments dealing with the water absorption and ^germination of seed 
corn as these ])rocess(‘S are inihieneed In* in) the siaj.^(‘ at winch the 
corn is haiwcsted, and (b) the chemical and ])h\sieal com])osition of 
the com kernel. 

IHK INri.rKN( r of SIAGK Ol* HXKVFsHNC, u\ W VFKK MisoRpllON 

Seed corn of the Reid’s Yellow Dent varieu was harvested at three 
different dates. When gathered, the content of the kernels of the 
first lot was milk-like in consistency This iieriod in the develop¬ 
ment of cereals is (.'ommonly referred to as the “milk-sta^e ” The 
endosiiemi of the kernels of the second lot ])ossessed the character of 
dough, and the crown of the grains was well dented. The third 
sam])k\ when harvested for seed, was completely mature and was dry 
enough for husking. I'hese three lots of corn were stiwd under the 
same conditions, and when cured, they all contained practicalh' tlie 
same amount of moisture Just before wat(T absoqition determina¬ 
tions were made, the ‘hnilk-stage” com contained g.5 percent of 
water; the “dent-stage,” 10.7 percent; and the “mature-stage,” 10.3 
percent. 

The imbibition experiments consisted in a deteimination of the 
quantity of water that the com absorbed in a twenty-four hour 

^Contribution from the Agronomy Defiarlmont, University of Illinois, Urbana, 
Illinois. Received for publication, May 14, 1924. 

^Associate in Crop Production. 
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period. The com was allowed to soak in distilled w-ater at six con¬ 
stant temperatures,'"* ranpnj^, wdth five degree intervals, from 5° to 
30° centigrade. At the end of the tw^enty-four hour soaking period, 
the water was poured off the corn and the moisture on the surface of 
the kernels w^as rubbed off with a towxl. The swollen kernels were 
then weighed. The amount of water imbibed by the corn was ob¬ 
tained by difference-'' subtracting the W’eight of the corn before soak¬ 
ing from that of the same kernels fter soaking. The calculations of 
percentage absorption were made on the basis of water-free com. 
Thus, the data presented in Table I represent the percentage of water 
absorbed during the ixTiod of soaking plus the water already present 
in the air-dry corn. 

Table i. Average percentage water imbibed by corn harvested at three differen 
stages oj maturity durtng a period of twenty-four hours soaking 
in water maintained at six different temperatures. 


Temperature 

“Milk-stage” 

eorn 

“Dent-stage” 

corn 

“Malur(‘-stag(‘’ 

corn 

5 ^. 

74 t-Vr 

64 06'!r 

46.28^:;, 

10 “ 

«5.i6 “ 

68.71 “ 

53.97 “ 

15 “ 

89.91 “ 

70.03 “ 

57-98 “ 

20 “ 

90.08 “ 

71.78 “ 

59 " 

2.5 “ 

94-39 " 

72.90 “ 

60.93 “ 

30 “ 

9 « 47 “ 

72.57 ‘‘ 

70.01 “ 

61.07 “ 

Average 

87.52 “ 

5 f >-59 “ 


It is quite evident fre.m these data that the corn harvested in an 
immature condition absorbed water more rapidly than did that 
gathered after complete maturit}'. Although chemical determina¬ 
tions were not made, it was easy to observ’e that there was pro¬ 
gressively a smaller pro{)ortion of soft starch in the kernels as the 
corn matured. The greater absoriition of the starchy kernels in this 
experiment is in accordance wdth the rCvSults of Coffman (3)"* W'ho, 
in his germination of seeds at low temperature, noted that starchy 
seeds absorbed more water than did less starchy seeds of the same 
species. 

The imbibition of water is commonly considered a prerequisite to 
germination, but not a part of this process. Atkins (i), working 
with beans, found that there is no difference in absorption between 
living and dead seeds until after germination, when the proto])lasmic 
membrane is formed. 

Temperature plays an important part in the rate at which water is 
imbibed. Up to 25® centigrade there is an increase in the amount of 
water taken up for each five degrees increase in temperature. This 

*These investigations were made in the control temperature chambers devised 
by Dr. Chas, F. Hottes, Plant Physiology Laboratory, University of Illinois. 

^Reference by number is to “Literature Cited,” p, 481. 
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increase, however, is not convsistently uniform. The (|uantity of 
water imbibed at 30° was less for “milk-stage” corn and “dent- 
stage” corn than it was at 25°. The velocity with which water is 
absorbed by corn is, therefore, seemingly not wholly an exponential 
function of the tem]3erature, as w’as ])ointed out by Brow^n and 
Worley (2) in their w'ork with barley seeds. Shull (7) states that it is 
his conviction after a number of years of experience with absorption 
phenomena, that absorption is a complex process dependent upon a 
number of factors, some of w'hich may b(‘ external, but many of 
which are internal His w^ork with Xanthium seeds and si)lit peas 
indicates that absorption is both a chemical and a physical process 
that is not entirely dependent upon temperature. 

REI ATION OF THE OIL AND PROTEIX CONTENT OF CORN lO RATE OF WATER 

ABSORPTION 

Imbibition determinations were made on corn from four ears each 
of the Illinois High Oil, Illinois Low' Oil, Illin(;is High Protein and 
Illinois ].ow' Pn^tein strains (8) supplied by the Plant Breeding 
Division of the Illinois Agricultural Experiment Station. The 
average percentage of oil in the first tw'o ty])es mentioned w'as g.40 
for the high oil and i .82 for the low' oil. The* high protein strain con¬ 
tained 15.20 {lercent protein, w^hile the low protein strain contained 
only 6.10 ])ercent. In other WNinls, the high oil corn contained 5.16 
times as much oil as the low’ oil corn, and the high protein corn con¬ 
tained 2.18 times as much protein as the low’ ])rotein strain. The 
percentages of water imbibed by these dilTerent types of com are 
show’ll in Table 2. 

Table 2. —Average percentage water absorption by high and low oil coni and high 
and low protein lorn during a twenty-four hour period at six 


different temperatures. 

Percent Percent w'ator inihihed at Av- 

Strain w'ater in 5° 10° 15'’ 20° 25° 30° er- 

air dry corn age 

High oil 7.44 35.95 39.27 45.19 44.55 50.35 52.92 45.37 

Low oil. 8.88 34.58 38.18 43.78 47.84 49.29 5003 43.95 

High protein ... 6.75 29.17 31.90 37.47 42.78 45.01 46.76 38.85 

Low protein. 7.63 36.04 39.51 44.89 48.80 51.94 55.41 49.10 

Average. 7.68 33.94 37.22 42.83 45.99 49.15 51.28 


From these data, it appears that there is little difference in the rate 
of absorption by high and low oil com. The germ of the high oil 
kernels is much larger than that of normal com, whereas the endo¬ 
sperm of the low oil com is unusually large in proportion to the germ. 
It appears, then, that the imbibitional ability of the oily germ is 
practically the same as that of the large, relatively starchy endosperm. 
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The difference between the percentage of water taken up by the 
high and low protein strains is very great. A large part of the 
protein of the high protein strain is contained in the endosperm. 
This gives the endosperm a hard vitreous texture. It would seem, 
then, that this horny character of the keniel contributes to the low 
absorptive rate of the high protein com. 

WATER ABSORPTION IN RELATION TO THE DISEASED CONDITION OF CORN 

The influence of the horny character of the endosi)enn on water 
absorption was further emjihasized in imbibition studies with some 
diseased and nearly disease-free corn furnished by a representative of 
the United States De])artnient of Agriculture. The diseased corn 
was classed as such because of its susceptibility to the sou tel lum rot 
(6) disease. A very large ])ro]K)rtion of the corn that is susceptible 
to scutellum rot contains a high soft starch content On the other 
hand, a high percentage of the nearly disease-free corn is horny in 
texture and contains comparatively little soft starc'h f6). fl'he results 
of these studies are shown in Table 3 

Table 3. percevlage of U'ater absorbed by nearly disease-free corn and 

corn susceptible to the scutellum rot disease durinf^ a twenty four 
hour period at five different temperatures. 




Pert'oni 

Percent 

v\aUT inibih(‘(l 

1 at 


Variety 

Typo 

water in 


15 ^^ 

20® 


30" 

A^- 



air-dr> corn 





er- 

Funk’s 

Nearly disease 








Yc'llow 

free 

9.00 


42 20 

46.89 

4H.Ii 

48.97 

44.91 

Dent 

Susce])tible to 
scutellum rot 

9 20 

41-35 

49.59 

50 64 

52 96 

57.70 

50.45 

Reid’s 

Nearly disease 








Yellow 

free 

10.80 

4«94 

46.58 

48 17 

50 0 1 

50.83 

47-31 

Dent 

Susceptible to 








scutellum rot 

9 - 5 « 

42.00 

49 - 3*2 

52.10 

53.H 5 

57.79 

5 UOI 

Avcrag(' 

9 (>3 

40.67 

46-95 

49.45 

51.24 

. 53.«2 



Here, again, as in the ])receding studies, the corn higher in pro¬ 
portion of soft starch imbibed the greater jierccntage of water. 
This property of rapid water absorption on the part of starchy corn 
may be a factor ^vhich contributes to its susceptibility to scutellum 
rot. 

INFLUENCE OF STAGE OF HARVESTING SEED CORN ON GERMINATION 

The germination tests were made on plaster of paris blocks, two 
inches thick and eight inches square. These were placed in gal- 
vanized-iron pans and water poured into the pans until it came 
within one-eighth inch of the top of the blocks. The com kernels to 
be tested for germination were laid, germs up, on these blocks. A 



dungan: germination of seed corn 


477 


metal cover was placed over each pan to maintain suitable humidity 
for germination. By this method it was possible to observe every 
step in the develoiment of the seedlings. Duplicate sets of fifty 
grains each were tested in the temperature chambers maintained at 
15°, 20®, 25°, and 30°, respectively. Observations were made daily 
and records were taken of the number of radicles and plumules that 
appeared. These data are shown in Table 4. 


Taule 4. 'The ^ernimation reiord of com harvested at three different dates and 



Average percentage germimition in 

Vitality 

Germination 

Temj)cr- 

• Stage 2 





5 

{ 

5 

(producing 

(producing 

aturc 

har- da\ 


days 

davs 

days 

davs 

cither a rail- 

both a rad¬ 


vehted r‘ rj)' 

^ r rp 

r 

n» 

r rT> 

r 

rp 

icle or plum¬ 

icle and a 










ule) 

plumule) 










f ' 

c 

0/ 

/o 


Milk 0 

0 

0 0 

0 

0 

0 0 

0 

0 

0 

0 

15T. 

Deni 0 

t) 

3 

7 

0 

7 t) 

7 

0 

7 

0 


Alatunj 0 

0 

0 0 

0 

0 

0 0 

0 

0 

0 

0 


Alilk 9 

0 

^3 I 

69 

11 

43 37 

29 

93 

92 

93 

2o''C, 

Dent 10 

T 

17 3 

34 

34 

30 49 

*7 

75 

92 

75 


Ala lure 1 

I 

10 12 

39 

2() 

22 49 

11 

«3 

94 

«3 


At ilk 17 

0 

35 4 

4« 

32 

24 92 

22 

96 

88 

99 

25V. 

Dent 23 

I 

7 

28 

()2 

18 78 

9 

88 

97 

88 


Alature 3 

1 

^7 3 

35 

5^ 

4 91 

4 

93 

97 

93 


Alilk 30 

7 

39 

24 

99 

- - 

~ 

— 

9^> 

99 

3o"C. 

I lent 29 

9 

30 32 

20 

73 

— 


- 

93 

73 


A la tun' 27 

0 

36 20 

*5 

8I 

- 

- 

— 


8r 


^^The iniinhtTs in the colutiiTis hea<le (1 '‘r*’ ri’puthe pen'iMita^^c of kernels 
that posses.sod a radicle only on the day the ()l>scTvali(>n was made; the figures 
under “rp" show the percentage of kernels that had eomjileleh germinated; 
that IS, had produced both a radicle and a iiluiuulc 


The corn har\'ested in the “milk-stage” began gemiinaling earlier 
than that harvested in the “dent-stage.” The latter, likewise, 
])roduced a higher jiercentage germination during the first three days 
than the corn gathered after it had become mature. Sexm, liowever, 
the “milk-stage” seed showed evidence of lack of vigor, as may be 
noted from the “rp” results at the end of the fourth day. The 
superiority of the “mature-stage” corn is strikingh^ brought out in the 
column giving the peu'cntage of complete germination. The com in 
the 30° chamber, particularly that harvested at the “milk-stage,” 
was soon overmn by molds {Rhizopub sp., Pcmcillium sp., and 
Aspergillus sf).) and for that reason the genn emergence wasabnoimal. 
The test at this temperature was discontinued at the end of the fourth 
day. 

It seems from these results that although early harvested seed 
corn absorbs water more rapidly than corn that is allowed to mature 
on the stalk, the mature corn is distinctly the better from the stand¬ 
point of seedling vigor. Goff (7) has conducted field exfieriments on 
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the effect of continued use of immature seed com. He used King 
Philip, a flint coni, making seed selections at five different stages of 
maturity. The average yields obtained by Goff covering a period of 
three years (1896-1898) on plots 10 hills wide and 50 feet long are as 


follows: 

First selection (most immature). . . . 282.2 pounds 

Second ** .309.0 “ 

Third “ ... . . 323.9 “ 

Fourth “ 322.6 “ 

Fifth ‘ * (full y mature).328.3 ' ‘ 


These results also em])hasize the importance of allowing seed com 
to mature on the stalk. This practice is not always advisable, 
however, in view of the difficulty of obtaining seed from healthy 
plants, and of harvesting seed corn before it injured by freezing. 
In view of the advantage of late harvested set*d, if it were evident 
that the corn was going to mature before danger from freezing 
weather, it might be advisable to select the seed corn in the fiedd 
while the stalks were still green, but not to remove the ears from the 
stalks. The husks of such ears could be marked in some convenient 
manner, as for instance, applying a splash of colored peiint, and the 
ears then left on the stalks until completely mature. 

INFLl’ENCE OF AMOUNT OF MOISTURE IN SEED CORN DURINC. .STOR\(lE 
UPON GERMINATION 

The moisture iij seeds is a very important factor influencing the 
life processes going on within them. At a given temperature a 
decrease in moisture content reduces respiration. On the other hand, 
as the quantity of water present in the vSeed increases, resjdration also 
increases. This increase probaldy continues up to the point where the 
quantity of moisture limits the oxygen supply. 

In order to .study the influence on germination of moisture in 
corn during storage, some corn was selected from the crib in the spring. 
An attempt was made to obtain samjdes of com containing widely 
different percentages of water. One lot (lot 3) was found which 
showed a water content of 19.2 percent. The driest composite lot of 
com (lot 2) found in this crib contained 12.6 percent of water. These 
two lots of com were germinated on plaster of paris blocks along with 
a third sample (lot i) of the same kind of corn that had been stored in 
the laboratory during the winter. The latter sample had a moisture 
content of 6.1 percent. The results are shown in Table 5. 

It will be noted that the com containing the largest amount of 
initial water produced the greatest percentage of radicles in two days 



dungan: germination of seed corn 


479 


Table 5.- 

-Germination 

tests of 

corn containing different amounts of moisture. 

Tem- Lot 

Mois- 














pera- 

turc 


Average percentage germination at end of 



Vital- 

ture 

in c:)rn 

2 


3 


4 

5 

6 

7 

8 


18 

ity 


% 

days: 

. days 

days 

days days days 

days 

days 

% 



ra rj^a r 

rp 

r 

rp 

r rj) r 

rp r 

rp 

r rp 

r 

rp 

I 

6.1 

0 

0 

0 

0 

0 

0 

0 0 0 

0 0 

0 

0 0 

0 

0 

0 

io"C. 2 

12.6 

0 

0 

0 

0 

0 

0 

000 

0 0 

0 

0 0 

0 

I 

I 

3 

19.2 

0 

0 

0 

0 

0 

0 

0 0 0 

0 0 

0 

0 0 

7 

3 

10 

I 

6.1 

0 

0 

0 

0 

0 

0 

0 0 7 

0 28 

3 

45 7 

1 

95 

96 

20”C. 2 

12.6 

0 

0 

0 

0 

0 

0 

0 I 46 

4 66 

14 

59 3 ^^ 

2 

97 

99 

3 

19.2 

0 

0 

0 

0 

2 

0 

12 I 33 

3 30 

9 

27 18 

3 

77 

80 

I 

6.1 

3 

0 

17 

0 

55 32 

-- 

•- 

— 

-- 

-- 

— 

87 

25'’C. 2 

12.6 

44 

0 

73 

12 

20 

80 

— 

— 

— 

— — . 

— 

— 

100 

3 

19.2 

55 

0 

61 

19 

14 72 

- - 

— — 

— 

— - 


— 

86 

1 

6 I 

91 

0 

29 63 


— 

— 

— 

— 

- - 

— 

— 

92 

30X. 2 

12 6 

97 

0 

9 

88 

— 

— 

-“' 

- - - 





97 

3 

19.2 

«5 

0 

12 

73 


- 

-- 

— 

— 

— ■ 

— 

— 

«5 

a“rpercentage of kernels that i)Osscsscd radicles; ' 

‘rp’ 

' = percentage of kcr' 


nels that posbcssed both radicles and plumules. 


at 25° centigrade. At the end oi the third day, the dr>' com had not 
produced a plumule, wltile lot 2 had produced 12 shoots, and lc)t 3 
had produced ig shoots. It would seem that corn containing a high 
])ercentage of water t\hen subjected to genmnable conditions is 
callable of more rajiid gennination than corn ('ontaining a less 
quantity of initial moisture. However, the absor])tion o^ water b> 
the dryer com was so ra])id at 30° that the advantage of the original 
moisture in lot 3 was not manifest at an\ period in the test 

The corn of lot 3 had tlie lowest vitality of any corn in tlic three 
lots. This reduction in vitality may have been due to weakness 
resulting from increased respiratory actu'ity, and possilily also to 
injury from the cold weather. 

The slightly lowered germination of the com in lot 1 sugge.^ts that 
the vital activities within some of the kernels may have been so re¬ 
duced as a result of desiccation during storage as to be incapable of 
resumi)tion when moisture was supjilied. The nearest o])timum 
moisture in seed for seed corn storage represented by these three lots 
of corn is 12.6 percent. 

RAPIDITY OF C.EKMlNAnoN IN THE HK.H AND LOW' PROTEIN SIRMNS OF CORN 

In the water absorption studies it was noted that the Illinois Low^ 
Protein corn imbibed water much more rapidly than corn of the 
Illinois High Protein strain. The .same corn was used in a germina¬ 
tion test to determine if the increased moisture intake of the low 
jm^tein com was an advantage in seedling production, the results 
being shown in Table 6. 

The com low in protein began germination sooner than the high 
protein corn at 20°. The former had ])roduced 48 radicles at the 
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Table 6 . —Germination of Illinois High Protein and Illinois Low Protein corn at 


three different temperatures. 

Percentage germination in 


Temper¬ 

Strain ; 

2 

3 

4 

5 


( 

(> 

8 

10 

12 

ature 

of corn days 

days 

days 

days 

days 

days 

day.s 

days 


r 

rp 

r 

rp 

r rp 

r 

rp 

r 

rp 

r rp 

r 

rp 

r rp 

20 ^C, 

High Protein 0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 0 

8 

0 

8 0 


Low Protein 0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 0 

48 

0 

58 5 

25°C. 

High Protein 0 

0 

75 

3 

18 82 

0 

100 

0 

100 

0 100 

0 

UK) 

— 


Low Protein 3 

0 

70 

3 

40 58 

8 

92 

0 

TOO 

0 100 

0 

100 

— 

3o°C. 

High Protein 0 

0 

bS 

18 

18 82 

0 

100 

0 

100 

0 100 

0 

100 

— 


Low Protein 0 

0 

5 « 

20 48 45 

20 

80 

18 

82 

5 93 

0 

c>8 

— 


end of ten days, as compared with 8 for the latter. The low ])rotein 
com developed 5 ]dnmules in 12 days at 20° while the high protein 
corn produced none. At 25° and 30° the differeiKU is not so striking; 
in fact, the difference is slightly in favor of the high protein corn. 
This may l^e explained by assuming that the absorj)tion of water at 
25° and 30° is so rapid that gennination is not noticeably checked. 
Probably, however, if the gemiination readings had been made at 
more frequent intervals, an earlier emergence of radicles and plumules 
might have been noted in the low protein corn. This is in hannony 
with the early work of de Candolle (4) who found that the time re¬ 
quired for germination of seeds increased somewhat as the albumen 
content of the seeds increased. 

The fact that horny t\’pe seed will endure cold wet weather, 
immediately after jdanting, much better than diseased or starc'ln' 
seed may be ])artially explained by the evidence coming o\xi of these 
investigations. The rate of water absorption is considerabh' lower in 
the homy seed than in the starchy seed This condition tends to 
delay the gemiinative proce.sses in the horn\' seed, so that when cold 
weather and other unfavorable conditions ] ire vail sochi after corn 
planting, this corn is not as far advanced and therefore not as much 
subject to injure as the starchy coin 

Notwithstanding the tendency of the high protein corn to start 
slowly, when once it had started it exhibited seedling vigor far 
sujierior to that of the low i)rotein corn. This was shown by a larger 
number of .secondary roots, and greater sturdiness and length of 
shoot. The shoots of the high ])rotcin corn were 86 ])ercent longer at 
30°, and 53 percent longer at 25° than those of the low protein corn at 
these same temperatures. Thus, it seems that high j^rotein content, 
with its resultant horny character of the endosperm, may be an im¬ 
portant fact(3r in seedling vigor. Since this character in corn is 
co-existent to a high degree with disease freedom (6), the choice of 
homy seed for planting is a good farm practice. 
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SUMMARY 

Seed com harvested before complete maturity absorbed water 
more rapidly and also possessed a greater water absorptive capacity 
than com that had been allowed to mature on the stalk. 

Corn containing a high proportion of s(jft starch in the endosperm 
imbibed water at a more rapid rate than corn of the same variety 
which posvscssed an endos])erm containing a less proportion of soft 
starch. Conversely, a high i)roportion of horny starch in corn re¬ 
duced water absor])tion This held tme in corn that had been 
selected on the germinator for disease freedom and susce])tibility, as 
well as in corn that had been selected for many generations because of 
its high protein content. Both the high protein com and the nearly 
disease-free corn were relatively high in horny material and their 
rates of water absorption were comparatively low. 

Ra])idit\^ of water absor]>tion was associated with quick gemiina- 
tion. Seedling vigor, however, more often accomi)anied horniness 
of the kernel. Mature seed corn genninated somewhat slower, but 
with more vigor than corn of the same variety harvested before 
mat urity. 

C(jrn containing a large quantity of moisture during storage genni- 
nated quicker, but with less vigor than corn containing a smaller 
quantitv*^ of storage moisture Corn ])ossessing a moisture content of 
6.1 percent genninated vslower and with a slightly less jjercentage 
'vitality than corn possessing a moisture content of 12.6 j^ercent. 
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A MINIATURE COPPER CARBONATE DUSTERS 

A. H. Hoffman* 

Many experiment station workers have found it quite a disagreeable, 
and even dangerous, task to apply copper carbonate dust to the 
large number of small lots of seed wheat needed for their rod-row 
plots. Workers at the California station have found the revolving 
box mixer shown herewith quite satisfactory for this purpose and 
also useful for class purposes. 



Fig. I. Miniature dusting machine 

This box is six by seven by ten inches inside. The gram should occupy about 
one-fourth the S])aec inside for best working. Two minutes at about 45 r.p.m. 
suffices. 


The box shown was originally a well-made packing box with a 
sliding lid. The axis of rotation passes diagonally through two cor¬ 
ners. This placing causes the grain and dust to be thrown from end 
to end of the box at the same time that it rolls over and over. This 
causes rapid and thorough mixing. 

Contribution from the Division of Agricultural Engineering, Branch of the 
College of Agriculture, University of California, Davis, C^alif. Received for 
publication, May 8, 1924. 

^Assistant Professor. 


















HUTCHESON AND WOLFE: CORRELATIONS IN CORN 


483 


Two number twelve wire nails form the journals. One of them 
also forms the crank. The heads of the two nails are soldered into 
sheet metal reinforcing pieces which are fastened to diagonal comers 
o^ the box. The small loose handle of wood is prevented from coming 
off by a bead of solder. 

Two glass ])lates on opposite sides enable a good view of what 
happens inside. One ])late, sliding in the grooves originally intended 
for the wooden lid, furnishes a ready means of putting in and re- 
mqying the grain. A narrow ribbon of thin felt prevents dust from 
escaping between the edge of the box and the glass. 

Two minutes turning at the speed that gives the most violent 
tumbling about of the grain is ample to apply the fungicide. 

For the best results the grain should occupy not over one-third of 
the total si)ace inside the mixer. 

THE CORRELATION BETWEEN TIME OF GERMINATION, 
MATURITY, AND YIELD OF CORN^ 

T. B Hutcheson and T K. Wolfe- 

The first consideration in the jjroduetion of corn is yield. The 
])roduetion of high quality corn is frequently largely dej^endent u];)on 
the time of maturitv of the cro]). The yield and maturity of strains 
and varieties of corn can be detemiined by tests in the field. If 
tests less laborious and time-consuming than field trials could be 
found which would give some indication as to the yield and maturity 
of corn, it would 1 h‘ very helpful. The investigation reported in this 
paper was conducted to study the relation between time of germina¬ 
tion and maturity, time of geraiination and yield, and between yield 
and maturitv. 

EXUERLMEXTAL WORK 

The results rejiorted herein cover a three-year jicriod, iqi6 to 
1Q18. In igi6, Boone County White corn was used, wdiile in 1917 
and 191^ Silver King corn was used. A number of ears were selected 
for planting in an ear-to-row test and the gemiination of each ear was 
tested before ])lanting. The seed from each ear was planted in dujili- 
cate rows. The time of gennination was secured by determining the 
percentage of kernels which had germinated at the end of seventy- 
two hours. The average of three tests was used in the calculations. 
Each row was 66 feet long and contained 20 hills of two stalks each. 

^Contribution from the Department of Agronomy. Virginia Agricultural 
Experiment vStation, Blacksburg, Va. Received for publication May 15, 1924. 

^Agronomists. 
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Later in the season the number of plants tasseling and silking on 
certain dates, the number of days from planting to final maturity of 
each ear, and the yield were determined for the progeny of each ear. 
The percentage of tasseling and silking at certain times was calculated 
by dividing the number of plants which had tasseled and silked on 
certain dates by the total number taSvSeling and silking. The final 
maturity is expressed in days from planting and the yield is ex¬ 
pressed in bushels of shelled corn ])er acre. 

Results 

The means, standard deviations, coefficients of variability, and 
coefficients of correlation are given in Tables j and 2. 


Table i. — Mearis, standard denalions and coefficients of variability for certain 
characters in the various years. 


Characters 

1916 


1917 

1918 


M 


M 

ivi 

Tasseling, percentage 

53 450 ± 

.790 

52.1804=1.218 

23.0004=1.025 

Silking, percentage 

7 7.000 dr 

.844 

49 7904=1.281 

61.2704=1.530 

Final maturity, days 

136.1724: 

.300 

-- 

122.6344= .243 

Yield, bushels jkt acre 

75 180 dr 

620 

540504= 779 

55 5<H) 4 = 501 

Time of germination, pere’t’ge 

70 6404=1.308 

71.900=1=1 306 

426004= .851 

Tasseling, percentage 

12.3704= 

.562 

15.2204= .86! 

13.160=4 .725 

Silking, percentage 

13.1304= 

.597 

16.0004= .906 

19.6504=1.082 

Final maturity, days 

4 668 4 : 

.212 

-- 

3.1224= .172 

Yield, bushels per acre 

9 f' 45 ± 

.439 

9 735 ± .551 

6.4304= .354 

Time of germination, j^erc't ’ge 

20.340 ± 

•925 

16.3204= .924 

10.9304= .602 


C 


c: 

c: 

Ta.sseling, percentage 

23.14 ±i 

.107 

29.17 =ti.786 

57-22 4=4.052 

Silking, percentage 

17.05 ± 

.798 

32.13 4=1.997 

3207 4=1.939 

Final maturity, days . 

2 43 ± 

.156 

- - -. 

2.55 4 = 140 

Yield, bushels per acre 

12.«3 ± 

.593 

18.01 4=1.052 

11.59 ± -647 

Time of germination, perc’t 'ge 

28.79 4=1 

.414 

22.70 4=1.349 

25.66 ±1.504 


Note: In 1916 the jKTcentagc of plants that had tasselcd and silked, 80 and 
90 days, respectively, after planting were used; in 1917 those that had tasseled 
and silked 93 and loi days, respectively, after planting; and in 1918 those that 
had tas.sclcd and silked 59 and 76 days, re.spectively, after jilanting. 

Table 2. —Coefficients of correlation between various characters. 


Time of germination, subject 
correlated with other 

characters, relative 1916 1917 1918 

Tasseling, percentage .. - .164^.063 .124^.079 —,015^.078 

Silking, percentage. .049db.o64 .046^.080 .082^.077 

Final maturity, days . . .. ~.247db.o6o — - -~.io8:t.077 

Yield, bushels per acre. .009^.064 .061 ±.080 —.o88rb.077 

Days to final maturity, subject 
correlated with other 
characters, relative 

Tasseling, percentage . ... .oiOzk.064 —.240^.073 

Silking, percentage. ... —. 191 =b .062 —.5181!: .057 

Yield, bushels per acre. •3l!J7db.055 .153^.076 


Note: In 1916 there were no, in 1917 there were 71, and in 1918 there were 
75 individuals used in calculating the various constants. 
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It will be noted that in Table i the data on final maturity are not 
given in all instances. In 1917. owing to an early frost, not all the 
ear progenies matured and for this reason the data for final maturity 
were incomplete. 

The time of germination, subject, ^vas correlated with various 
characters, relative, as shown in Table 2. It seems that there is little, 
if any, relation between time of germination and taSvSeling, silking, 
final maturity, and \’icld. However, the indications are that ears 
which germinate early, mature late as measured by final maturity of 
the plants 

Days to final maturity, subject, was comdatcd with tasseling, 
silking and yield, relative. The coefficients of correlation with tassel¬ 
ing cind silking are negative but somewhat significant in three of the 
four instances, while in tlie other instance the coefficient is positive 
and small The ('oeftk'ients of correlation with yield are positive and 
marked. Other results show that ther(‘ is a negative relation be¬ 
tween yield and tasseling and silking. Such results indicate that 
plants which tassel and silk early mature late and yield liigh. 

It would be int(Testing to select plants which reach maturity com- 
]:)arativel>' early and tliose which reach this stage of development 
relatively late and dctemiine the time of tasseling and of silking and 
the yield of the t>rogenies One of us (Wolfe) found, as reported in 
Virginia Agricultural Iix])enment Station Technical Bulletin 26, 
that there was no marked difference in yield of corn from seed pro¬ 
duced b\' small stalked and large stalked ])lants However, in a pre¬ 
vious cro]) the c’orrelation coefficient between yield f)f grain per plant 
and circumfenMice of ])lant was 653 .020. Such a correlation 

(‘oefficient indicated that the plants producing the highest yield of 
grain were those ])ossessing stalks with the largest circumferences. 

SUMMARY 

The coefficients of correlation between the time of germination and 
tasseling are conflicting. The correlation between the time of ger¬ 
mination and silking is too small to be significant and the same may be 
said of the correlation with yield. 

The results indicate that ears which germinate early produce plants 
which ri]KTi late. 

The indications are that the jdants which tassel and silk early 
mature late and yield high. 
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A RAPID METHOD OF TAKING SOIL SAMPLES 
FROM FIELD PLOTS^ 

E. P. Deatrick and 0 . C. Bryan^ 

Last year two pasture experiments were planned to be conducted 
at the West Virginia experiment station. The departments which 
suggested the project invited the department of soils to co-operate. 
Two sets of 44-tenth acre plots have been laid out. Each plot measures 
37 X 132 feet, inclusive of the two foot border around it. Inasmuch 
as there were but twT) persons to do the sampling, the collection of a 
large number of samples in the time available becam.e a problem. 
The need for a more rapid method of taking soil samples from field 
plots was felt and experim.ental trials resulted in the development of 
the method reported here. A diagram of a plot is given in Figure i, A. 
By liming quarters b and c and fencing off c and d each j)lot receives 
four treatments, viz., limed and unlimcd, grazed and ungrazed. It 
was deemed adAusable to collect a sample from each quarter. Only 
the surface soil was .sampled. The method of sampling was as 
described below. It is offered as a convenient and rapid method 
for^sami)ling all similar fixed plots 


a. c fit 



Op€n Funnel 

Fig I. See text for description of each part. 


A long piece of galvanized iron wire was looped, as shown in 
Figure i, B, ten feet from a twisted handle and thence every eight feet 

^Contribution from Department of Soils, West Virginia Agricultural Experi¬ 
ment Station, Morgantown, W. Va. Approved by the Director, May 13, 1924. 
Received for publication May 22, 1924. 

^Associate Professor and formerly Assistant Professor, respectivelv. 
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for 122 feet. Ten feet from the last loop the wire was cut after a 
second twisted handle was made. The wire was then 132 feet long— 
the exact length of the jilots. Cooper wire eyelets, as shown in Figure 
I, C, were soldered on the first wire that v\as ])re])ared. It was found 
later that looping the wire was .satisfactory' The loops were drawn to 
about a quarter-inch opening and a bit of solder was dro])ped on the 
back of each of them to prevent closing when the wire \\as stretched. 
In the 4th, 8th, and 12th loop there was tied a strip of red cloth. 
In eacli of the other loojis there was tied a stri]) of w'hite cloth. The 
red flags then marked the boundaries between the quarters, a, b, c, 
and d. The three white flags in each (quarter were used to designate 
the location of lines across the jilots along which sam]jles were to 
be taken. 

A T-square, 26^4 ft. long (other dimensions given in figure i, D) 
made of i" x 2" furring lumber, was marked iH^i ft from the head 
of the “L’' so that wdien the square w^as placed on the wdre stretched 
lengthwdse between tw'o ])lots this mark designated a point half way 
across the short way of the ])l()t. Marks also were made eight feet 
from the center in both direction Tw'o surface borings were taken at 
each of the three marks across the ])]ots. All borings were then 
eight feet apart and ten feet from the end of the plot, i. e , eight feet 
from the border The borings were turned oft* the auger into the 
specially ]irepared galvanized iron open funnel (Figure r, E) handled 
by a young lad wdio had placed a jireviously numbered bag over its 
throat. The “T” square w'as moved to the next flag a distance of 
eight feet and borings obtained as before After the next move the 
bag w'as dro])ped near the wire and exchanged for an empty one. 
The position of the red flag being skipjied, the borings w^re taken 
after the “T” w^as centered on the next white flag. When the borings 
in the last quarter were completed the “T” was turned so that while 
the head remained on the wire the arm stretched over the adjacent 
plot. The borings w^ere then continued in like fashion, so that one 
placement of wire served for the sampling of tw'o plots. 

In practice, it was found possible with two men to sample the soil 
on two plots, i. e., t acre, in about 30 minutes. This means that i*i 
30 minutes the wire w^as placed, 144 borings were made, and the 
lad (who carried the numbered bags for two plots in his belt) w’as 
checked to see that the correct bag for the quarter section being 
sampled was placed on the funnel. The filled bags later w^ere gathered, 
ied, and taken to the laborator}' where the soils w^ere air dried, 
ulverized in pebble mill, and placed in storage in screw top jars. 



488 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 


It was found simplest to number the quarter plots serially with the 
smallest number at the top (uphill) of the tenth acre plot. By 
marking the arm of the T-squarc differently or by knotching it and 
tying two colors of flags on it, it would be a simple matter to work out 
any method of sampling. Alternate sampling, as shown in A, d, 
was tested out by tying blue and white flags on the arm of the '‘T” 
and upon the wire. The red flags were retained to mark the quarters. 
When the “T” was on the white flag, samples were taken at the 
white flags on the ann of the “T.” Then the next move brought the 
‘T” to a blue flag and samples were taken at the blue flags on the arm. 

METHODS OF MAKING DETERMINATIONS AND INTER- 
PRETING RESULTS IN GRAIN GRADING^ 

A. C. Arny and C. S. Dor('Hkster“ 

PURPOSE OF THE INVESTIGATIONS 

The work which forms the basis of this paper was planned and 
carried out with the idea of securing data to answer questions arising 
in the classroom and in discussions with men engaged in the grain 
trade regarding phases of grain grading on whicdi there ap])eared to be 
no published data. 

A statistical study of the relation of size of sample to the reliability 
of determinations, which not only points out themost desirablesize or 
sizes of samples but at the .same time gives the facts on which the 
decision is based, should aid in securing greater uniformity in the 
size of the samples used. 

It appeared desirable to know whether samples of a size adequate 
for determinations on grain of relatively poor quality, because of the 
presence of comparatively large amounts of heat damage or foreign 
material, would serv^e as well in , grain of good quality where the 
damage or injurious material was present in small iimounts. 

The matter of the manner of securing samples for determinations 
appeared to warrant sufficient investigation to answer one or two 
questions, at least. Is the accuracy increased by combining two or 
more small samples taken in regular order from different parts of the 
original sample, as compared wdth combining small samples taken 
from the same location which amoimts to the same thing as taking the 

^Published with the approval of the Director as Paper No. 476, Journal Series, 
Minnesota Agricultural Experiment Station, University Farm, St. Paul, Minn. 
Received for publication May 20, 1924. 

*Head of the section of Farm Crops, in the Division of Agronomy and Farm 
Management, Department of Agriculture, University of Minnesota, and Assistant 
Professor of Farm Crops, Iowa State College, respectively. 
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one larger sample? Some workers make a j)ractice of taking the 
duplicate sam])le from the other half of the original sample in prefer¬ 
ence to using the other half of the smaller samjde secured for the 
first determination. Is this ])ractice worth the time it takes to cut 
the other half of the original sample down to projjcr size’*' 

In all probability the unequal cutting of sam])les by some of the 
Boemer samj)lers in no way affects the grade; but some workers 
believe that results are affected and sufficient work to wan'ant a 
decision in this matter appeared desirable. 

Then, there comes iq) frequently the question of how close the 
decisions can be on lots of grain that are near the grade maximum, 
particularly where difference between two grades is as little as one- 
tenth of one ])erccnt. 'fhis always brings with it the matter of 
tolerance in the grading of samples of this kind. 

1‘REVIOUS WORK 

Frank and Campbell (i)*** working with corn, oats, wheat, and 
grain sorghums concluded that variations in sam])les from the same 
lot of grain may occur in the laboratory owing to the methods of 
cutting down the original sample to a])proximately 1,000 grams. 
The divider was used throughout the test The variations investigate 
consisted of differences in the methofls of taking the samiiles from 
the divider pan. Out of 40 sam])les of wheat tested for dockage, 21 
t^aried as much as one-half of fnie jiercent and eight varied one per¬ 
cent or more from the true divider samjffe. 'fhe variations resulting 
from inc’orreet metliods of sampling were comparatively larger w^hen 
the dockage consisted of material much larger or smaller than the 
wheat. In oats the range, W'hile not so great as in w^heat, w^as large 
enough to cause an emjr of one or two grades. vSimilar variations 
occ'urred in the w'ork w'ith corn and grain sorghums. These investi¬ 
gators recommend the establishment of a system of tolerances, or 
range of variation, in the form of a definite ])ercentage but do not 
present an>^ data on wdiich such a system could be based, it is 
suggested that the personal opinion factor, which is a])t to play an 
important part in the case of “line'’ samples, wdll be largely elimi¬ 
nated by such a system. 

Phillips (2) summarizes the findings of w^orkers in the United 
States Department of Agriculture with respect to the size of sample 
to be used in determining commercial grades as follow-s: 

In wheat, determinations for class, odor, inseparable stones, and “treated” 
should be made on the sample as a whole; dockage, weight, garlic, and live 

^Reference by number is to “Literature Cited,” p. 505. 
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weevils on approximately looo grams; damaged, heat damaged, foreign material, 
and smut balls on not less than 50 grams; color and textiire on not less than 25 
grams; admixtures of other wheats on from 10 to 25 grams. If it is necessary to 
make separations on treated wheat not less than 25 grams should be used. 

In coffij determinations for cracked corn and foreign material should be made 
on approximately 500 grams, damaged, heat damaged and other colors on ap¬ 
proximately 250 grams of clean corn. 

In oatSt determinations for general appearance should be made on the sample 
as a whole, sound cultivated oats, heat damaged, foreign material, wild oats, and 
other colors on not less than 25 grams. When oats contain an unusual amount of 
foreign material, approximately 250 grams of the sample should be used in the 
determination of that factor. 

The instructions of the Department with regard to the handling of 
“line*’ samples, as given by Phillips, are as follows: 

“When the grade of any lot of grain is determined by a narrow margin of a 
percent, on a single factor, make another determination and base the grade on 
the average of the two determinations.*' 

Under the rules of the Association of Official Seed Analysts of 
North America (3), (7), a certain latitude of variation, or tolerance, 
must be allowed when analyzing samples from lots that have been 
previously tested or that have been put on the market under certain 
guarantees. This tolerance is to cover the natural variation which 
may occur between different samples of the same lot. l^or each 
determination of tolerance the sample shall be considered as being 
made up of two parts: (i) the element being considered and (2) 
the balance of the sample. For example, in determining the toler¬ 
ance for weed seeds the sample shall be considered as being made up 
of fi) weed seeds and (2) everything not weed seeds. The tolerance 
allowed for pure seed, weed seed, inei't matter, and seeds of other 
cultivated plants shall be one-tenth of one percent plus 10 percent of 
the lesser part. In the case of a sample containing 2 percent weed 
seeds, the tolerance allowed would be o.I percent plus 0.2 percent, 
a total of 0.3 percent. 


MATERIALS AND METHODS 

For the work on percentages of heat damage in wheat, bulk lots 
were prepared by thoroughly mixing badly heat-damaged spring 
wheat with clean dark hard spring wheat which contained no starchy 
kernels as follows: 

Series 


A 

B 

C 


Sound wheat 

Heat damage 

Heat damage 

grams 

grams 

percent 

3196.6 

3*2 

O.I 

3103-6 

6.4 

.2 

3184.0 

16.0 

•S 
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D 3168.0 32.0 I.O 

E 3104*0 96.0 3.0 

Each lot was put through the Bocmer sampler 5 times, recombin¬ 
ing it thoroughly in a large pan after each time. 

For the work with wheat containing cockle and vetch lots were made 
up as follows: 


Series 

Wheat 

Foreign Material 


grams 

grams 

percent 

A 

3184 

16 cockle 

0.5 cockle 

B 

3168 

32 “ 

I.O “ 

C 

3184 

16 vetch 

0.5 vetch 

D 

3168 

32 

1.0 “ 


Each series for determinations of percentages of heat damage in 
wheat was divided with the regulation size Boerner sampler first into 
samples of 100-gram size which were given consecutive numbers 
from r to 32. Then each 100-gram sample was divided into samples 
of approximately 2.5 grams. In order to be able to recombine the 
12,5-gram sanijiles into precisely the same 25-gram samples from 
which they came originally and the 25- and 50-gram samples into 
50- and 100-gram samples, respectively, in the same manner, a record 
was kept of the left (small spout) and right (large spout) according to 
the following plan: 



Figure i. Plan of designating the 12.5-gram samples so that they could 
be recombined into precisely the same larger samples 
from which they came 


Each sample was lettered according to the direction of the cut and 
numbered. The 12.5-gram sample at the left was from the first 100- 
gram lot in Series A and numbered AILLL and the other AILLR. 
The first one was cut three times to the left and the second one twice 
to the left and once to the right. The 12.5-gram samples for each 
series were also numbered consecutively from i to 2 56, 



492 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

The same plan was followed in cutting the wheat containing the 
cockle and vetch. 

A careful determination of percentage of heat damage was made 
on each of the 256 samples of 12.5-gram size in each of the five lots of 
wheat made up for that purpose. Foreign material percentage 
determinations were made on each of the 50-gram samples containing 
cockle and vetch. 

All 12.5-gram wheat samples containing heat damage and all 
heat damage, cockle, and vetch were weighed on a Troemner 542 
balance. All weighings and computations have been checked. 

For the interpretation of the results the following statistical 
constants were worked out according to accepted methods: (4) 
(a) The mean or average for the number of determinations on each 
of the sizes of sam])lc and for each grade, (b) The standard deviation 
which gives the variation on either side of the mean or average in 
units of the same denomination as the mean. Since the means are 
given in pcTcent in all the work included here, the standard deviation 
is in joercent also. The standard deviation is used to compare the 
variability of determinations having approximately the same mean. 
For comparisons of variability between determinations on grain 
having dififerent average percentages of heat damage or foreign 
material some other constant than the standard deviation is neces¬ 
sary. (c) The coefficient of variability which is derived by dividing 
the standard deviation by the mean and is always exi)ressed in 
percent serves admirably for this purj)osc. (d) The probable en*or is 
a mathematical expression of the reliability of the determinations 
exprCvSsed t)y any mean, standard deviation, or coefficient of variabil¬ 
ity given (6). It is employed mainly in judging of the value or 
significance of differences in the variability of determination as ex¬ 
pressed by the two standard deviations, (e) The probable ciTor of a 
difference is equal to the square root of the sum of the squares of the 
probable errors of two constants for which the difference is secured, 
(f) The significance of a difference is obtained by dividing it by its 
probable error and looking up the odds in tables available for this 
purpose (5). A difference of ,0180 db .0060 between two standard 
deviations gives a quotient of 3 when the difference is divided by the 
probable error. Looking up 3 in the tables gives odds of 22.26 to i 
against this difference being due to normal variation. Odds of 30 
to I or 3.2 times the probable error are accepted in this work as 
giving reasonable certainty. 
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RESULTS OF THE WORK 

The several phases of the work were taken up in such order that 
the results secured from the completion of each part would be avail¬ 
able in the interpretation of the results for the others which remained 
to be done. 

RELATION OF DIRECTION OF CUT IN THE BOERNER SAMPLER TO VARIABILITY 
OF PERCENTAGES OF HEAT DAMAGE IN WHEAT 

Frequent statements by men who use samplers that they believed 
that it mi^^ht make a difference as to which side of the sampler the 
material for the determination comes from led to a check of this 
first, although from the construction of the device a real difference in 
variability in such determinations did not appear probable. Three 
samplers were used. Of wheat containing approximately 3 percent 
heat damage there w^ere available thirty-two 12.5-gram samples each 
having (a) three left cuts, (b) three right cuts, (c) one right and tw^o 
lefts, (d) one left and two rights, (e) two lefts and one right. The 
means, standard deviations, and coefTjcients of variability have 
been worked up for these and are presented in I'able I, together wdth 
the differences between the standard deviations with their probable 
errors and the odds. 

The difference betw’cen the standard deviations in the first com- 
jiarison where the samples are cut three times to the right and three 
times to the left, resiK'ctively, is only 1.3 times its probable error 
which gives odds of 1.63 to i against such a difference being due to 
normal variation. These odds are considerably less than the 30 to i 
which ha^^e been accepted as giving reasonable certaint\\ The 
other two comparisons have less than three cuts in any one direction 
and less difference would be expected than in the first comparison and 
this is what the results showL Theresults with thelimited number of 
samplers indicate that similar results as to grade may be expected 
regardless of the side of the sampler from which the material is taken 
and that is the basis on which further w^ork reported in this paper is 
carried out. 


METHOD OF TAKING SAMPLES FOR DETERMINATIONS 

The opinion has been often expressed that in making more than 
one determination it is more desirable to secure each of the samples 
from a different part of the entire sample than to divide down the one- 
half only until the desired sample or samples of the right size are 
secured. Following this method the original sample of say 1,000 
grams w^ould be divided into two samples of 500 grams each and 
then from each of the 500 gram samples one or more of the desired 
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size would be secured, as contrasted to the usual method of dividing 
down one of the 500 gram samples until the desired number of samples 
of the proper size is secured. 

vSince grain taken for percentage determinations is usually well 
mixed before the samples are drawn and the sampler mixes it further 
as the grain goes through, it api)eared probable that approximately 
the same variability would occur regardless of which of the methods 
of taking the sample was followed. However, samples 25 and 50 
grams in size were made up by (a) combining the weights of con¬ 
tiguous portions according to the following plan: 

Designation 12.5 grams 25 grams 50 grams 100 grams 
of the 12.5- Total Heat Total Heat Total Heat Total Heat 
gram sami)les weight damage weight damage weight damage weight damage 


I LLL 

j*rams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

12.35 

.02 


— 

— 


— 

— 

I LLR 

12.76 

.CK) 

25.11 

.02 

— 


— 

— 

1 LRL 

13.00 

.00 

2541 

.03 

50.54 

.05 


— 

I LRR 

12.41 

.03 

— 


___ 

— 

100.97 

.12 

I RLL 

j 1.90 

AK) 


— 

— 


- 

— 

I RLR 

12.60 

.(X) 

2450 

.00 

— 

-- 

— 

— 

I RRL 

13.10 

.03 

25-95 

.07 

50.45 

.07 


— 

r RRR 

12,85 

.04 

— 

- 

— 

— 

— 

—. 


and (b) by averaging the percentages of heat damage from regularly 
distributed samples taking numbers i and 129, 2 and 130, etc., where 
two were averaged, or numbers i, 65, 129, and 193, etc., where four 
were averaged until the 256 determinations on the 125 grain samples 
for each grade had all been used in making u]) 128 or 64 iiercentages. 
'rhe same method was followed in making u]) the percentages for the 
fifty gram samjdes. 

The distribution of the samples according to percentage of heat 
damage contained is given in Table 2, for grades one and two; to¬ 
gether with the standard deviations, differences between the standard 
deviations for the detenninations on the samples derived by (a) 
combining contiguous portions and (b) regularly distributed, differ¬ 
ences divided by the standard deviations, and the odds. 

For the same size of sample secured by the two methods the dis¬ 
tribution is very similar in each ca.se. The standard deviations for 
each size of sample secured by the two methods are so close together 
that the differences between than are negligible when interpreted in 
the fonn of odds. 

The odds against the differences between the standard deviations 
compared for the five grades are summarized in Table 3. 

It will be noted that the results for the wheat containing0.5, i.o, 
and 3.0 percent of heat damage are similar to those secured for the 
samples of the same sizes containing o.i and 0.2 percent heat damage. 
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It is therefore clear that determinations made on contiguous por¬ 
tions of a sample are as accurate as those made on regularly dis¬ 
tributed portions. No greater accuracy is secured by cutting down 
each of the two halves of a 1,000-gram sample and taking one of the 
duplicates from each. Therefore, in the work on size of sample the 
results are assembled without regard to whether the determinations 
were made on contiguous or regularly distributed portions. 

sizp: of sample 

For the study of the relation of size of sample to variability of 
percentage of heat damage, there is available the results from the 
work with samples varying in size from 12.5 to 200 grams for wheat 
containing a])proximately one-tenth, two-tenths, five-tenths, one and 
three percent of damage. 

The distributions for the sami)les of the several sizes up to and 
including too grams in classes according to the percentage of heat 
damage as given in Table 4 bring out sharply the relation between 
size of sample and range of variability. 

It will be noted that for the 12.5 gram size there are a large number 
of samples with no heat damage. This is particularly noticeable in 
the wheat containing only one-tenth percent heat damage where the 
presence in this size of sample of a kernel of heat damage weighing 
.03 grams make 0.24^^, and grade number three. With the increase 
in size of sample, the range of variability decreased marked!}^ The 
actual range of variability as given in Table 4 makes it easier to 
appreciate the significance of the data given in Table 5. 

In this table the variability of the determinations for heat damage 
are expressed by the standard deviation in the same denominations 
as the means which in this case are in percent. 

These standard deviations are of value in making comparisons of 
the variability of the determinations on each size of sample within 
any one grade. They cannot be used in making comparisons of the 
variability of determinations on the vSame or difi'erent weights of 
samples in the different grades of wheat. 

The standard deviation for the smaller size within any one grade 
has been subtracted from the standard deviation for the sample 
next larger in size giving the differences. The probable errors for 
each of these differences have been determined. These differences 
with their probable errors are given in the third column from the 
right. Each difference has been divided by its probable error and the 
odds against such a difference being due to normal variation have 
been obtained from the table of odds (5). These differences divided 
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by their probable errors and the odds are given on the last two columns 
to the right. 

Considering odds of 30 to i as reasonably certain, it is clear that 
for all the grades of wheat the 50-gram vSample which is being used 
largely in the grading work as carried out at present gives definitely 
more reliable results than any sample of smaller sizx. 

Three of the determinations included in I'able 4 which were made 
on samples of 100-gram size are definitely more reliable than those 
made on 50-gram sam})les. In all sixteen comparisons were made of 
the variability when these two sizes of samples were used. In eleven 
out of sixteen comparisons, the determinations on the j 00-gram 
vSamples were more reliable than thcjse on the 50-gram samples. 

In five of the ten eom]3aris(ms made between samj^lcs 100 and 200 
grams in size, there were significant differences in favor of the larger 
samples. 

Ill addition to the determinations for percentage of heat damage in 
wheat, there were sixty-four determinations each made on wheat 
containing five-temths and one percent of cockle and one percent of 
vetch. The percentages for the 50-gram samiiles were combined so 
as to give determinations on samples 100 and 200 grams in size, 
rcs])ectively. 

The odds in favor of the 100-gram size of sample as compared 
with the 50-gram size arc 1050 to i, 54 to 1 and 65 to i. This indi¬ 
cates that in each of the three cases the 100-gram .sample gave the 
most reliable results. 

In one comparison out of three, the 200-gram sample proved more 
reliable than the samiile 100 grams in size. 

The wide variability of determinations for heat damage and 
foreign material other than cereal grains shown when samples less 
than 50 grams in size were used and the preponderance of the evi¬ 
dence in favor of the 100- as compared with the 50-gram sample 
should serve to remind continually anyone whose duty it is to make 
these determinations that the matter of using sufficiently large 
samples is of prime imiiortance. Small samples make the work of 
ascertaining i)ercentages quicker and easier, but this is at a distinct 
sacrifice in accuracy because such samiiles are not as representative 
of the entire lot as larger samples. 

BEST OF TECHNIQUP: reduces but does not obviate VARIABILITV 

It has been shown that the variability of determinations for heat 
damage and foreign material other than cereal grains may be re¬ 
duced to a very large degree by using 100-gram samples in preference 
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to samples of smaller size. The use of 200-gram samples reduced the 
variability still farther in only fifty percent of the cases and the labor 
of making the determinations on this size of sample makes its use 
impractical. 

After the most careful work both in securing the samples and in 
making the determinations, there still remained a range of variability 
on either side of the grade maximum. This variability may be con¬ 
sidered to best advantage by using the coefficient of variability of the 
determinations given in Tables 7 and 8 for each of the different 
weights of samples for each grade of wheat. vSince the coefficient of 
variability is given in percentage of the mean or average, it may be 
used in making comparisons of the variability of the determinations 
secured from the use of the same or different weight of sample in the 
different grades of wheat. 

Com])arison of the coefficients of variability for the determination 
on any ])articular weight of sample brings out the point that there is 
the greatest variability where the percentage of heat damage or of 
cockle or vetch is the low'cst, i. e , in the best grades of wfieat in the 
determinations for heat damage where the ioo*gram sample wasused 
the variability in iiercent as ex])ressed by thc‘ coefficient of variability 
decreases from 56.0^7 in grade one io in grade tw*o, 23.1(8% 

in grade three, 17.23 % in grade four, and 1031 in grade five. Essen¬ 
tially, this means that the use of the 100-gram s^jiiijile in determining 
percentages of heat damage in wdieat containing only approximately 
one-tenth of one percent of this form t»f damage, gives considerably 
more variable rc'sults than in Avheat containing more heat damage. 
This is due to the fact that in the w^heal containing the larger amounts 
of heat damage, the 100-gram samiilc is more re])resentalive of the 
civerage than ic is in the wlieat containing a small amount of damage. 

The conclusion should not be reached that the use of a 12.5-gram 
sample in the lower grades is justified by the fact that the varialiility 
for the j00-gram sample is 56.()o9( in grade one w^hcat and the varia¬ 
bility for the 12.5-gram sam])le is 22 20^^( in grade five W'^heat. In 
view of the fact that even w’hen the loo-gram samjile w*as used con¬ 
siderable variation still occurred, the only logical procedure appears 
to be to make due allo\vance for it. By making use of the coefficient 
of variability, allowance can be made for this variability in the 
following manner: 

Taking the loo-gram sample as the most desirable to use, the 
variabilit}^ of the determinations for heat damage in wheat containing 
one-tenth percent of this form of damage was 56.60% or approxi- 
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mately 28.30% on either side of the means or the present grade limit 
of one-tenth of one percent. 28% of 0.1% is .028^ , which added to 
the mean or present grade limit of i.i^j gives .128%. and subtracted 
from 0.1% gives .072%. .072% therefore marks the approximate 

range limits in % of the determinations on wheat containing 0.1% 
heat damage above the grade limit and 0.128 marks the eipproximate 
range limits in percent below the grade limit. For convenience this 
may be made in round ntunbers 0.07% above and o. 13% below. This 
means that the chances are even that any one sample taken to de¬ 
termine the grade of this wheat might show a ])ercent of heat damage 
from o.i to .07on one side or from o.t to 0.13 on the other side of 
the grade maximum. Making due allowance for variability then, a 
sample of the lot (jf wheat made up to 0.1% of heat damage analyzing 
0.13%, from one or two determinations would still put the lot in 
grade one. 

This suggests percentages of tolerance when determinations are 
made on a single vsample or on duplicate samples to ascertain the 
grades of a lot of grain which indicate that it is near a grade maximum. 
Obviously, to be equitable the percentage of tolerance must be based 
on work that has ascertained fairly accurately the variability in 
percent for the factors in the various grades where the tolerance is to 
be applied 

Until further work indicates that these figures vshould be changed, 
the percentages given in the third column from the right in Tables 7 
and 8, headed vari[ition on either side of the mean in percent, are 
suggested for consideration in connection with determinations for 
heat damage and foreign material other than cereal grains in wheat. 

On the siipposition that the loo-gram sample will be used very 
largely, the suggested tolerance in round numbers is 30^^ for wheat 
near the grade limits of number one, 2o^/(, 10^ ^ and 5%, rc- 

siiectively, for wheat near grade limits for number two to five respec¬ 
tively for heat damage and 5^: for foreign material other than cereal 
grains. With samples of smaller size, the larger tolerances will neces¬ 
sarily need to be applied. For 50-gram samples the suggested toler¬ 
ances are 3 5^, 0 for wheat containing ap])roximately o heat damage, 
10% and 5Ur respectively for grain containing approxi¬ 
mately 0.2^/?', 0.5%, 1.0% and 3 0%. of heat damage and 10%, and 5% 
respectively for grain containing approximately 0.5^^, and 1.0% of 
foreign material other than dockage. 

In Figure 2, there is presented graphically the suggested range of 
tolerance beyond the grade limits for determinations as made on 
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samples of varying size for wheat containing approximately o.i%, 
0.2%, 0.5%, 1.0% and 3.0% of heat damage as given in the last 
column to the right in Tables 7 and 8. 

The present limits for each grade are given in the column in the 
center and to the right are given the ranges of tolerance below the 



VAMATIOli M em«l SM OF TIC ClOK UUNTS OF OUlCEIlTAttS OF NUT BlAMAK M WHUT FOft SAHOUS OP 

OIFFUCNT SIZES. 

Figure 2 

grade limits for the different weights of samples. i\s is indicated the 
ranges of tolerances are drawn to vScale which brings out the facts 
that the suggested tolerances in percent decrease (a) as the percent¬ 
ages of heat damage in the wheat increase and (b) as the sizes of the 
samples used for determinations increase. 

The use of these tolerance percentages will permit lots of wdieat 
that, as far as can be determined from one or two loo-gnim samples, 
are near the grade limits to be placed in the higher rather than in the 
lower grades. The lowering of the present grade limits would not 
accomplish the same results since from whatever the limits established 
there would still be variation due to the fact that determinations on 
one or tw^o samples as large as it is practical to use cannot be de¬ 
pended on to give the average of a large number of determinations. 

SUMMARY OF CONCLUSIONS 

Unequal division of the original sample by some Boerner samplers 
does not affect the grade of the grain unequally divided. 

Taking samples for multiple determinations from different halves 
or fourths of the original sample has no advantage as far as accuracy 
is concerned over taking contiguous samples of the same size or one 
sample of the same size as the total of the smaller ones. 
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The indications are that samples for percentage determinations of 
100 grams in size give significantly greater accuracy than samples of 
smaller size. 

Further reduction of variability of determinations may be secured 
in approximately one-half of the cases by the use of samples 200 
grams in size, but on account of the labor necessary in making separa¬ 
tions on this size of sample it cannot be considered for use except for 
com and in exceptional cases in making foreign material determina¬ 
tions on oats. 

Even with the utmost care in making determinations on single or 
duplicate samples of the largest practical size, variability still occurs 
and the element of chance enters to a considerable extent into the 
grading of lots of grain which come near the grade limits. 

To eliminate chance as far as possible in the grading of grain, a 
system of tolerances is ] 3 ro].)Osed for heat damage and foreign material, 
based on the variability secured from determinations on a considerable 
number of samples of various weights taken from wheat containing 
approximately the grade limits of damage or of foreign material 
other than cereal grains. 

Tolerance i)ercentages of 30^,0, 20%, 10%, \o% and below the 
present grade limits are suggested, respectively, for heat damage de¬ 
terminations in wheat containing approximately 0.2^/c, 0.5%, 

1 0^1 c and 3.0^,^ of this kind of damage when samples 100 grams in 
size are employed. 

When 50 gram samjiles are used tolerances of 35^^ wheat 
containing o heat damage and 25^,7, i59o toSt- 5% below the 
present grade limits respectively for wheat containing 02, 0.5, i.o 
and 3.o^r{; are indicated. 

The use of tolerance percentages such as the ones suggested justi¬ 
fies tlie placing of lots of wheat samples w^hich vary below the grade 
limit by the amount of the tolerance in the grade above. This 
should result in more eciuitablc grading than is possible where no- 
tolerance is used in connection with the grading of wheat near the- 
grade limits. 

The use c)f the tolerance percentages suggested does not have the 
same effect as lowering the grade limits since there would be variabil¬ 
ity on either side of any new grade limits established necessitating 
still the use of tolerance percentages to promote more equitable 
grading. 
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STUDIES IN THE ERADICATION OF WILDMORNING-GLORYi 

Geo. Stewart and D. W. Pittman® 

‘*Wild morning glory” {Cotivolvulus sp.) is widely known in the 
United States and many parts of the Old World as a bad weed. Spots 
appeared in Utah more than a generation ago. No serious attention 
was paid to the weed before igoo, except in one or two localities where 
it had early become troublesome. By 1921, it had become so serious 
in several counties' ■ notably v^'anpete. Millard, Juab, and Davis - as 
to attract widespread attention. Agronomists believed that it 
could be controlled hy vigorous cultivation, but many famK‘rs and 
several fanners’ organizations insisted that this was inadequate. 
Meanwhile, a wave of sentiment for spraying with sodium arsenitc 
swept over the most populous ])arts of the stale. 

PREVIOUS WORK 

Examination of the literature showed results of attcmi)ts to control 
the wreed to be considerably less conclusive than had been thought. 
A few tests of an experimental nature had been made, but for one 
reason or another these wxtc by no means “clinching,” at least for 
the Great Basin. Climatic differences had already been shown to 
affect the value of spray treatment to a confusing degree. 

Cox had reviewed the situation with reference to morning 
glory control. He described a number of plants that go under the 
common name of bindweed, the worst of w^hich are hedge bindweed 
(C. sepium) and field bindweed (C. arvensis), the two species of wild 
morning glory common in Utah. The conclusion was reached that 
top growth must be kept cut down, in order to starve the roots and 
rootstocks. Sowing infested land to alfalfa was suggested. The use 
of chemicals was not thought to be successful. 

'Contribution from the Department of Agronomy, Utah Agricultural Experi¬ 
ment Station, Logan, Utah. Received for publication May 24, 1924. 

^Agronomist and As.sociate Agronomist respectively, 

*Reference by number is to “Literature Citedp. 518. 
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In one test at Davis, California, for the two years 1909-1911, 
Bioletti (2) found at a depth of 14 feet roots capable of producing 
new shoots. Tillage of the surface three feet of soil did not affect 
materially the vigor of the plant. Various tests on about 10 acres of 
uncropped land, however, showed that if the tops were cut back 
every five days during the season the roots lost about 70 percent of 
their w^eight and produced little top growth the next season. The 
labor cost of such tillage for the season was estimated to be $9.00 
an acre. 

vSi^raying had also been tried in California. Gray (3) conducted 
s])ray experiments from 1915 to 1919, along the coast where the 
air was htunid and foggy His sjiray consisted of jo ]iounds of granu¬ 
lated caustic soda f()8 percent) and 20 pounds of white arsenic 
(AS2O3, 99 percent) in 5 gallons of water, diluted at the rate of one 
gallon of the stock solution in 100 gallons of water. Thoro s])raying 
at blooming time killed 85 to 90 percent of the roots to a de])th of 4 
fe(‘t. 1'he fields secmc'd free of the weeds for ei^?ht to twelve mfmths, 
after which new shoots a])]K‘ared. Gray believed that annual fall 
spraying (Octol)er ])referred) would eventually eradicate Hie weed. 
Later, however, he found (4) that spray killed roots only where the 
air was so saturated with moisture as to allow time for the absorption 
of the ]xfison before eva]X)ration of the spra\' dro])lets tor)!^ place. 

In a somewhat more extended study of the cfiects of \’arious 
chemicals on morning glory. Gray (5) ai)])lied sc'veral chemicals to 
the soil in an effort to kill the weeds by root absor])t ion This method 
failed to kill the weed at reasonable expense. It was also found that 
the concentration iiecessarx' to destroy the roots damiiged the sc*il for 
the growing of crop ])lants. 

Pammell and King (6) sprayed thirty-one different weeds and 
cultivated plants with copper sulfate, sulfuric acid, sodium chloride, 
carbolic acid, slaked lime, formaldehyde, corrosive sublimate, and 
other chemicals. To]) grow^th w^as killed by all of them, but iron 
sulfate, at the rate of 2 pounds to the gallon of water and 50 gallons of 
solution to the acre, was recommended. An occasional change in the 
strength of spray and deep plowing w^ere suggested as likely methods 
of control. 

In Oregon (7), spraying mustard and pigweed wdth 20 percent 
solutions of iron sulfate retarded the grow^th of these weeds, but had 
no effect on morning glory. Solutions at 22, 24, 26, 28, 30 and 35 
percent concentrations made no perceptible progress toward eradica¬ 
ting morning glory. 
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Meanwhile sodium arsenite (Na^sOg) and various patented ‘‘weed 
killers/' in which sodium arsenite practically always is a constituent, 
had come into favor as means of killing down weed growth on waste 
land, roadways, and in special phases of agricultural production 
(such as the growing of pine-apples in Hawaii) when spray could be 
applied between the rows. Much spraying was done between 1916 
and 1921, in Utah, especially on vacant building lots in and around 
Salt Lake City. Top growth could be killed readily and the method 
was UvSed as a fire-prevention measure. In several cases, weedy 
roadways, canal banks, and railroad right-of-ways were sprayed 
and the top growth killed. A heavy bed of morning glor>' south of 
Salt Lake City was treated a few times, but with only temporary 
success. 

During the last few months, in fact after the test reported here was 
complete, two new publications dealing with the eradication of 
morning glory have appeared. Bamum (8) has summarized the 
California data already cited and reiterates that cutting for one 
season wnll so reduce the roots by starvation that they can be com¬ 
pletely eradicated by a reasonable amount of cultivation and hc>eing. 
His treatise dealt with the small-leaved species {C, arvensts). 

Call and Getty (9), discussing the prevalence of bindweed (C. 
arvensis) in Kansas, state that it is limited to from one to fifty farms 
in each county and usually to only a few sejuare rods on each farm, 
but that in some parts tracts of 80 to 160 acres are occui)ied. Appli¬ 
cations of 20 to'28 tons of salt to the acre killed most of the weeds, 
but left the land useless for several years. At Fort Hays, Kansas, 
two or three plowings, an occasional disking and frequent harrowing 
with a spring-tooth harrow, amounting to 20 treatments in all, 
killed 85 to 99 percent of the plants. Eradication was completed in 
the second season by about a dozen treatments. No mention is 
made of the possibility of a cultivated crop in place of fallow and 
tillage during the second season. Close hog-pasturing and a smother 
crop of alfalfa, sorghum, or Sudangrass are recommended when con¬ 
ditions warrant their use. 

OCCURRENCE OF MORNING GLORY IN UTAH 

In 1923, county agents and ex-agents estimated the areas of morn¬ 
ing glory in IJtah to be as shown in Table i. 

EXPERIMENTAL WORK 

During the winter of i920“-i92i, several conferences were held at 
which attempts were made to analyze the problem. It was deemed 
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Table i . —Number of areas and total acreage of morning glory in the counties of 
Utah. (Estimated by County Agents, 1923) 


County No. of areas Total acreage 


Beaver . . 

60 

50 

Boxelder.. . . 

— 

75 

Cache ... . 

300 

150 

Carbon . .. 

2 

I 

Davis 

180 

200 

Emery. 

6 

2 

Iron. 

50 

12 

Juab 

6(; 

400 


County No. of areas Total acreage 


Millard . . . 

no 

1,000 

Morgan .. 

47 

33 

Salt Lake. 

. 200 

150 

Sanpete . 

750 

10,000 

Summit . . 

50 

25 

Tooele 

. 150 

350 

Utah , . 

yx) 

100 

Weber 

- 

200 


advisable to investigate somewhat thoroly the methods that were so 
frequently advocated. About this time a ten-acre tract of land was 
added to the central exj^erimental farm at Logan, Utah. On the 
north side of this lajid there was an unbroken bed of large-leaved 
wild morning glor\’ (r. sepiuni) about two acres in extent. In addition 
there were several small “spots” varying in size from a few square 
feet t() several rods. Thi this land the exj^eriniental plats were laid off. 

Tlie field on which the test was conducted is about one-half mile 
northwest of the central experimental fann at North Logan. The 
field extended 42)2 rods from oast to west. Along the north fence, 
extending the entire 42^'i rods, a solid bed f)f the large-leaved morn¬ 
ing glory {Convolvulus sepium) reached southward a])i)roxiniately 7 
rods at the east fence line and 10 rods at the west Tliis bed was 
laid oil into 21 plats, each two rods wide from east to wx'st, and ro 
nxls north to south. Another area near the middle of the west side 
about 4 rods by 8 rods in extent, was made into 4 hog pastures each 2 
rods by 4 rods in size. 

The field was sowai to sugar-beets about May j, Tg2i. When the 
beets first came up, the stand \vas good with morning ghny just be- 
cc>ming visible. the end (;f Ma\, the morning glory had com¬ 
pletely hidden the beets. Careful examination showed the infesta¬ 
tion to be essentially a solid occupation. TIutc woro ik) bare spots 
and Init few ]daces where the stand was thin. 

On June J5tli, a beet cultivator with the duck-foot blades was run 
over the land at a depth of about 3 inches. Tliis cultivation was 
repeated scwxTal limes until all surface growth w^as entirely removed. 


PLAN OF TREATMENT 

The 21 large plats were measured carefully and pegs placed at the 
comers. By July i there was sufficient top growth to cover the 
ground, the branches being about 6 to 12 inches long and growing 
rapidly. Treatments began on July i and continued to October i. 
The method and frequency of treatment are shown in Table 2. 

Plats I to 5 and 11 to 15, inclusive, were sprayed with sodium 
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arsenite (NasAsOs) obtained in a liquid form. Directions accompany¬ 
ing the arsenite suggested a dilution of one part of the chemical in 
100 parts of water. This was taken as ordinary strength and half 
strength or double strength made up proportionately. The tops were 
allowed to make sufficient growth for the land to appear green before 

Table 2-■'Treatment of spray and tillage plats. 

Method Frequency 

Spray, ordinary strength Frequent (as .soon as surface seemed green) 
“ “ “ Half as often 

“ one-half strength Frequent 

“ double strength Frequent 
“ ordinary" strength Delayed till bloom 

Tillage, shallow Frequent (as often as shoots aj)pearcd) 

“ “ Half as often 

“ deep plowing Once followed by shallow cultivation 
“ shallow plowing Whenever shoots api>ear 

Smother, Russian sun- Cultivated once and hoed once when 
flowers sunflowers were 4 feet tall. 

Check i)lot—untreated except one spray treatment on August loth, 
to prevent seeding, 

the spray was aj)pHed. The time required for this to happen was 
about a week in the early part of the season, gradually increasing 
to two weeks as the season advanced. 

Shallow cniltivation treatments were at first applied by means of a 
beet cultivator with blades. Later, a sled knife was made by fasten¬ 
ing a steel blade beneath a solid frame in such a way that it cut about 
3 inches below the surface. As soon as any growth appeared above 
the surface, cultivation was applied on the frequently treated plats; 
the infrequently treated plats were cultivated each alternate time. 
Growth appeared in about five days during July and in about ten 
days during September. 

Plowed plats received treatment that varied slighth^ from this plan. 
The two plats given the deep-plowing treatment were plowed July 
I about 15 inches deep and thereafter cultivated shallow to keep 
down top growth. The plats for shallow plowing were plowed to the 
depth of about 6 inches whenever growth began to appear. The 
treatment was required every ten days at first and every fifteen 
days later in the season. No tillage except plowing was applied to 
these plats. Smother plats were sown on July ist to Mammoth 
Russian sunflowers in rows 20 inches apart with plants every 3 or 4 
inches in the row. When the sunflowers were about 4 feet tall, the 
rows were cultivated once and hoed thoroly. Thereafter no treat¬ 
ment whatever was applied during the season until the land was fall- 
plowed about November 15th. The sunflowers grew about ten 
feet in height and shaded the ground thoroly except along the edges 


Plat 

1 and II 

2 and 12 

3 and 13 

4 and 14 

5 and 15 

6 and 16 

7 and 17 

8 and 18 

9 and 19 
10 and 20 

21 
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where the light came in for a few feet. No morning glory grew 
except where this light reached. 

PLAT DAIA OBTAINED 

On October i, a careful digging test was made to find the relative 
abundance of rootstocks, it being thought that this would at least 
indicate the general efTec't of the treatments. The holes were exactly 
two feet square (four sciuare feet in area). As the dirt was removed 
the rootstocks were ])icked out by hand and saved. Digging was con¬ 
tinued until no more roots were found, which in this case was at a 
depth of about thirty inches, where a water-table had stojiped 
penetration. Care was taken to keej) the holes the same size so as to 
make the data comparative. As soon as dug the roots \vere taken to 
the laboratory, washed clean, and weighed. After being thoroly air- 
dried the dry-weights were obtained. The data thus obtained are 
shown in Table 3. 

During the process of digging it was observed that rootstocks 
taken from freciuently tilled jilats were slender, watery, and brownish 
in color whereas those taken from spray plats and from the check 
plats were jilumj) and white. (.)n the sunflower plats the! ground 
seemed full of deca\ing strand-like plant tissue that appeared to be 
dead rootstocks 

Table 3. --Fresh iveight and air-dryuright of rootstocks from spray and tillage plats. 


Plat 

October /, i^ 2 T. 

Rootstock.s 

number 

Troalmrnt applied 

Fn‘sh weight 

Air-dry we 

I 

Spra}' -<irdinary fretiuent 

grams 

180 

grams 

24.2 

2 

Spray -ordinary '2 frequent 

551 

106 8 

3 

S]jray —>2 ordinary—frequent 

82 

10.3 

4 

S])ray~2 ordinary - frequent 

106^ 

I.pi 

5 

Sjiray "delayed till bloom 

462 

78.2 

6 

Cul ti vat ion -shal low-- frequent 

19 

0.8 

7 

Cultivation -shallow— }/ frequent 

21 

2.3a 

8 

Deep plowing -then shallow tillage 

18 

2.3 

9 

Shallow plowing —fretpient 

49 

2.3 

10 

Sunflowers—one hoeing 

17 

3-6 

ir 

Spray —ordinary-- frequent 

Spray—ordinary- ->2 frequent 

236 

40.2 

12 

371 

61.3 

13 

Spray—>2 ordinary —frequent 

237 

36. i 

H 

Spray—2 ordinary —frequent 

66 

7.2 

15 

Spray —delayed till bloom 

538 

106.9 

16 

Cultivation -shallow—frequent 

3 h 

2.2 

17 

Cultivation —shallow—)^ frequent 

465 

74 - 5 ^ 

18 

Deep i>lowing —then shallow tillage 

9 

i.t 

19 

Shallow plowing—frequent 

9 

1.1 

20 

Sunflowers—one hoeing 

7 

1.8 

21 

Check—no tillage—one spraying to 
prevent seeding 

503 

119.1 


aPlats 7 and 17, tho duplicate for treatment (infrequent shallow tillage), do not 
agree in results. All other duplicates do, at least in a general way. 
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Next spring after growth had time to get weirstarted, another set of 
small s^ple plats was laid off, each two feet square, that is four 
square feet in area. This time the top growth was shaved off at 
the surface and the shoots counted. The fresh weight was taken 
immediately and the dry weight after the material had become thoro- 
ly air-dry. The small sample plats were now taken in what seemed 
to be an average area of the field plat. Rootstock sampling in the 
fall could not allow for this because no top growth showed at the time. 
The closeness, however, with which si)ring growth agrees with the dry 
weight of rootstocks is striking. It was also decidedly apparent that 
untreated plats gave a more vigorous and rapid spring grow'-th. The 
vshoots on the check plat started several days earlier, grew faster, and 
were about three times as long and about eight times as heavy on 
June 8th, as w’ere the shoots from the frequently tilled plats. The 
data are showm in table 4. 


Table -Number of plant hoots, green iveight, and dry weight of top growth on 
spray and tillage plats, June 8, IQ22. 


Plat 

number 

Treatment applied 

No. of shoots 

Weight of tops 
Fresh Air-dry 

I 

vSpray- -ordinary frequtmt 

89 

grams 

79 

grams 

145 

2 

Spray- ordinary —K frequent 

212 

294 

4 f >.5 

3 

Spray- >2 ordinary --frequent 

121 

no 

20.5 

4 

Spray 2 ordinary frecpient 

59 

28 

5.0 

5 

Spray - -delayed till bloom 

291 

3 i« 

60. 


Cultivation shallow frequent 

1 

1-5 

f >5 

7 

Cultivation shallow >2 frequent 

5 i‘^ 

26 

4.0 i 

8 

Deep plowing then shallow tillage 

29 

*3 

2.0 

9 

Shallow ])l(jwing - freejuent 

15 

9 

I 0 

10 

Sunfloweri>- -one hoeing 

33 

28 

5-0 

] 1 

Spray ordinary frequent 

127 

80 

15.0 

12 

Spray- ordinary j/2 frequent 

260 

234 

44.0 

13 

Spray— )/2 ordinary -frequent 

i «5 

135 

27.5 

14 

Sjjray — 2 ordinary — frequent 

80 

5 f> 

10.5 

15 

wSjiray delayed till bloom 

279 

2«5 

47-5 

16 

Cultivation- - -shallow -frequent 

13 

7 

t >-5 

17 

Chiltivation—shallow freciuent 

134^ 

98 

i 8 . 5 ''‘ 

18 

Deej) plowing —then shallow tillage 

23 

9 

I.O 

19 

Shallow plowing—^frequent 

10 

6 

0-5 

20 

Sunflowers - one hoeing 

37 

42 

7.0 

21 

Check—no tillage—one spraying to 
prevent seeding 

169 

668 

98.0 


•AThe lack of agreement between plats 7 and 17 is still noticeable. 


Sugar beets were again sown on the land in 1922. The plats were 
shortened two rods on the south and this strip clean tilled with a beet 
cultivator thrugut the season. It was decided to grow the beets on 
all plats possible. Plats on which there remained a heavy stand of 
weeds were sprayed or planted to corn as a smother crop. The 
treatments and the yield at harvest are shown in Table 5. 
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Table 

S. — The cropping treatment and weed control treatment for the 21 plats. 


The acre yield ts also given for each treatment {ig22). 


Plat 

Cropping treatment 

Weed control treatment 

Acre yield 




tons 

I 

Fallow 

Frequent shallow cultivation 


II 

Sugar-beets 

Two hoeings 

7.12 

2-12 

Sugar-bectS"'-spray 

I frequent 


3-13 

Sugar-beets—sj)ray 

I :loo, frequent 


4-14 

Sugar-beets 

Two hoeings 

^•34 

5-15 

Beets smothered, cleaned 




and sown to corn for smother crop 


6~i6 

Sugar-beets -normal 

Ordinary care 

1 * 93 

7-17 

n a a 

“ “ 

11.32 

8-18 

a a a 

li a 

I2.«3 

g-19 

it it it 

“ 

13.11 

10-20 

a it it 


8.05 

21 

Fallow—subdivided 

Various chemicals and smother 



BecaUvSe of the fact that it was in front of the field entrance and also 
isolated by spray plats and a fenc'e, it was decided to fallow plat i, 
and to hoe weeds from plat 11, its duplic'ate It did not seem possible 
to grow beets on plats 2, 12, 3, 13, 5, and 13 on account of the dense 
weed stand yet remaining. Plats 2, 12, 3, and 13 were sprayed with a 
double strength spray frequently enough to kill down the top growth 
of morning glory. This killed all the beets also except about a dozen 
on each plat. The smother crop of corn on plats 5 and 15 was drilled 
in rows 24 inches apart, with the seed not over an inch in the drills. 
Because the corn did not ^row as ra])idly as had the sunflowers the sea¬ 
son before, it \n as never effective in checking the weed growth. Plats 6 
to 10 and lO to 20 all grew fair to good crops of hn'cts with no care 
excejit nonnal cultivation including two light hoeings. Plats 10, 17, 
and 20, however, recpiired vigorous weeding to keep the morning 
glor\" in check. 1 he other plats were given merel\’ ordinary chre such 
as beets receive on clean ground, with only a little more care in hoeing 
so as nol to miss any shoots of morning glory The beets were not 
delayed or disturbed in any way on the ten jdats that had been given 
tillage in 1021, except in the cases of 10, 17, and 20 where vigorous 
hoeing n^luced the stand and caused excessive work. The fact that 
plat 7 was nearly free from wx‘eds has been alread\’ noted. It yielded 
12.54 tons an acre as compared with 10.10 tons for jilat 17 which 
was rather weedy. 

In 1923, the entire experimental area was again sown to beets. 
These were grown successfully in all cases, but plats 2, 3, 5, 12, 13, 
and 15 required vigorous weedings. Idats 4, 10, ii, 14, 17, and 20 
required some extra attention to get out all of the shoots of morning 
glor>v whereas plats 6, 7, 8, g, 16, 18, and ig were cultivated as if on 
land that had always been clean. Of course, a sharp lookout was 
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maintained for morning glory top growth but only a few shoots were 
found and none at all—^not even a single one—on plats 6, 9,16, and 19. 
At the north end of the plats, along the fence line, some morning 
glory plants still persisted, due principally to inability to make the 
1921 cultivation effective close to the fence. As the season advanced 
it became apparent that the stand of beets was decreavSed on the 
plats that required vigorous hqeing to hold the morning glory in 
check. Not long before harvest careful counts were made on six of 
the rows, which ran the entire length of the field from east to west 
across all of the 20 i)lats. The beets were no larger on the plats that 
had been hoed more to keep down the weeds. The stand of beets 
will be a fair check on yield in 1923, the second year after the treat¬ 
ment was applied. 

Table 6 . —Number of sugar-beets harvested on the same six rows in each plat (rQ2j) 

Niimbfir Number Total No. 


Original treatment (1921) 

Plat 

of beets 

Plat 

of beets 

of beets 

Spray—i :200, frequent . . 

I 

.1 

11 

109 

218a 

Spray —i:200, frequent 

2 

70 

12 

72 

142 

Spray - -11400, frequent 

3 

no 

13 

95 

205 

Spray—i :ioo, frequent 

4 

14.^ 

14 

97 

240 

Spray -i :200, delayed till bloom 

5 

95 

15 

93 

188 

Cultivation—shallow, frequent. 

6 

147 

16 

118 

265 

Cultivation- -shallow 3^ frequent 

7 

14T 

17 

104 

245 

Deep plowing -then shallow 
cultivation . . . . 

8 

139 

18 

143 

282 

Shallow plowing -frequent 

9 

143 

19 

149 

292 

Smother—Russian sunflowers. 

10 

116 

20 

106 

222 


aPlat I, clean cultivated; total for treatment obtained by doubling the number 
on plat II. 


RESULTS OK PASTURING BY HOGS 

The four plats (24, 25, 26, and 27) fenced for hogs had made 
considerable growth. Since the morning glory" was not heavy, there 
was about a half stand of sugar beets that were good sized by July 
27th, when three hogs were turneil into plat 24. By August 13, plat 
24 was well rooted up and entirely bare. The gate between plats 24 
and 25 was then opened and the hogs allowed access to both plats; 
as the hogs were growing and needed more feed, they more quickly 
cleaned plat 25, tho there was the additional growth of seventeen 
days on it. On August 22, they broke into plat 26, and were allowed 
to remain there, as plats 24 and 25 were bare and the rootstocks 
seemed to be well rooted out. On September 3, the hogs were let 
into plat 2 7 and allowed access to all four plats. The growth on plat 
27 lasted only a few days but the hogs were kept in the pasture till 
November i, being kept alive by small amounts of barley grain. 
They became extremely thin and seemed to be ravenously hungry all 
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the time. They rooted everywhere and seemed to have made about 
as thoro a job of rooting as possible. On October i, when the digging 
for rootstocks was done on the large plats, similar diggings were 
made on the four hqg-pasture plats. The results are shown in Table 7. 

During the next season hogs were again pastured on the plats. 
There was considerable reduction in the stand as compared to the 
check t)lat; bitt the hogs seemed unable to reduce the rootstocks 
beyond a point at which about one-third or one-fourth of a full stand 

Table 7. —The weight of fresh a fid air-dry roatstofks found in / square feet on 
hog-pastured plats {October 1, iqji). 




Weight of rootstocks 

Plat 

Treatment 

Fresh 

Air-dry 



grams 

grams 

24 

Hogs turned in July 27 

40 

8.1 

25 

Hogs turned in August 13 

51 

9-9 

26 

Hogs turned in Augu.st 22 

34 

9-4 

27 

Hogs turnf’d in vSeptc'mber 3 

43 

11-5 


remained. During 1922, the growth of morning glory just cibout 
maintained itself, being as thick in the fall as in the spring. 


CHEMICAL SI*K\YS VM) OTHER IKKVTMKVlS 

Sfiray of a much-advertized patent weed killer, of crude oil, of 
kerosene, of salt brine, and of gasoline, and building paper f(Tr shade 
were applied to small areas of morning glor\' on an(.)ther piece of land— 
on the south edge of a new six-acre field, about 40 rods south of the 
Greenville farm. 'J'he spra\s were apidied several times thruout the 
season; but had no important effect, excejit in the cases of gasoline 
and of weed-killer which weakened ilie weeds. The weed-killer had 
with it printed directions which said io scalp the surface of top growth 
before ajiplying. A plat was divided and half of it scalped before 
apph'ing the .spray according to directions; on the other half, the 
spray was applied to the growing plants. Rootstocks were dug on 
October i, at the same time as for other treatments. 

Table 8 . —Weight of fresh and air-dry rootstocks on 4 sqtiare feet of chemical spray 
and paper-covered plats {October i, ig2i). 


Weight of rootstocks 

Plat Treatment Fresh Air-dry 

grams grams 

22 Weed-killer—scalped. 132 18.5 

23 Weed-killer—growth sprayed.14 2.2 

28 Spray—crude oil. 819 125.0 

29 Spray—^kerosene. 281 43.6 

30 Spray—salt brine. 194 27.2 

31 Spray—gasoline.108 14.9 

32 Shade—building paper. 99 11.5 


During the second season, plat 21 (the check plat) was divided into 
several small plats, one-half of each being hoed clean, or “scalped,” 
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just ahead of treatment with kerosene, gasoline, oil, salt brine or weed 
killer, respectively. One part was covered with about four or five 
feet of well rotted straw. This made a much more compact mass 
than would ordinary straw. The edges were hoed around to prevent 
plants thus exposed to light from feeding the rootstocks under the 
straw. 

There has been no appreciable effect of any sort due to spraying 
with these chemicals, except the “weed killer,” which was found by 
chemical analysis to contain large quantities of sodium arsenite. 
This killed top growth and affected the plant generally in a manner 
almost identical to the sodium arsenite spray. The gasoline also 
killed the top growth each time it was applied. The straw, ap]3lied 
in midsummer, seemed to be effective until about midsummer of the 
next season, when shoots came thru and quickly m£ide an almost 
complete covering of green leaves in about two weeks. 

CORROBORATIVE TRIALS 

The weed studied in this experiment, hedge bindweed {Convolvulus 
septum), is an easier w^eed to eradicate than is field bindweed {Con¬ 
volvulus arvensis). It may also be urged that the water-table was too 
near the surface to pennit roots or root-stocks to develop as deeply in 
the soil as they would on well-drained land. 

In ig2o, the experiment station bought another tract of land just 
north of the Greenville farm. The field had in it one large spot and 
several small ones of the small-leaved morning glor\', field bindw'eed 
{Convolvulus arvensis). No effort w^as made to dctennine the depth 
of root penetration on this land. Since, hovv(?ver, the w^ater-table is 
about loo to 120 feet below the surface (an artesian well was driven 
about J5 rods away in 1922), there w'as nothing to prevent full 
development of the root-s\stem. In this field, neither of the ob¬ 
jections raised against the plat tests holds. Almost perfect eradica¬ 
tion of the large spot of bindw'ccds was accomplished in one season. 

During 1920, the land was sowm to sugar beets and grain, and 
fanned in the usual manner, but on the larger spot of morning glory 
the yield was almost nil. In 1921 this area, about one-fourth acre in 
size, was summer-fallowed and cultivated with a beet cultivator as 
often as new growth started. No record was kept as to the number or 
frequency of cultivation, but it was applied approximately once 
a week thruout.the earlier part of the year, becoming less and less 
frequent towards autumn. That fall, a seedbed was prepared and 
the land seeded to the rod-row winter-wheat nursery for plant¬ 
breeding trials. The rows were one foot apart and hand hoed during 
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1922. Some morning glory top growth appeared during June, but 
this was promptly cut off 3 or 4 inches below the surface. At in¬ 
tervals of a few days the grain rows were gone over and an occasional 
shoot of morning glory found and cut off. During 1923 two plants 
only were found and these seemed to be seedling plants, possibly 
from seed that had lain dormant in the land since 1919 or 1920, 

DlSCUvSSION 

At first it was difficult to find a method of measuring progress 
toward eradication. It was not known that digging for rootstocks 
would serve adequately, but trial seemed to indicate that such was 
the case. On fallow land, the possibility of digging in a nearly bare 
spot or in the heart of a heavy stand had to be considered. It was 
found that by digging tentatively here and there about the plat a 
representatiAX' spot could be approximated. Actual stand daring the 
next season was used as a check on the amount of rootstocks. As 
may be seen by comparing the data in Tables 3 and 4 there is an 
almOvSt unexpected agreement between the weight of rootstocks 
gathered in October and the top growth the following June. 

Comparison of the top growth, both as to number of shoots and 
total weight ])roduced, shows the sprays to be much less effective 
than tillage—at least of a comparable sort, that is, when frequent is 
compared with frequent, and intense with intense. On the plats 
wJiich wx're sowm to a smother crop of Russian sunflow^ers, there re¬ 
mained only a few^ root.stocks, but these few^ seemed plump and un¬ 
exhausted as compared to thin strand-like ones on the frequently 
tilled plats. A much hea\'ier top grow’th during the succeeding spring 
from these plats than from those frequently tilled indicated that the 
appearance of the rootstocks was a fair indication of the stage of 
exhaustion. 

The smaller amount of rootstocks and the less thrifty top growth 
on the plats which received frequent shallow tillage seem to indicate 
that if there be any ai)preciable difference betw^een plowing and 
surface cutting, the advantage is wdth the .surface cutting. Shallow 
plowing seemed to be equally as effective as deej) plowing, if not 
slightly more so. Everything seemed to indicate that eradication was 
hastened by that treatment which permittcid the most rapid growth 
and consequently the most rapid destruction of tops. 

The acre yields of sugar-beets obtained during the second and the 
third seasons, the proportionate stand of beets in the third season, 
and the amount of hoeing required to save the beets all show the 
spray treatment to be much less effective than tillage or even than a 
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smother crop of Russian sunflowers. The large proportion of the 
stand of morning glory which remained even after two seasons of 
spraying leads the writers to doubt that eradication can ever be 
accomplished by this method, at least in a reasonable time. 

On the hog-pastured plats, there was a reduction to a point at 
which only about 8 or lo percent of the rootstocks remained, but no 
apparent decrease beyond this. 

A strict analysis of the experimental data obtained from smother 
crops does not permit them to be applied to another smother crop than 
Russian sunflowers. Kansas experience with sorghum and wSudan- 
grass suggested that corn planted close in drilled rows might be used. 
Alfalfa was also suggested for Kansas wdiere the areas were too large to 
permit a[)plying the frequent shallow-tillage treatment. 

Shoots came thru four feet of straw and developed many green 
leaves. They also showed unexpected ability to spread horizontally 
but w’ere not alkwed to do this, the outside edges of the straw heap 
being ke])t clean b\’ frequent hoeing. 'Phe same general result was 
obtained with building paper 1'he edges w'cre kept clean by hoeing 
but the paper w'as i)enetrated hero and there in various w’a>’s. Irri¬ 
gation w^ater seemed esi)ecially likely to weaken the i)aper. I'ar 
paper was not used in this case but hea\'y building ])aper w^as given 
ever>^ chance possible save that it w^as allowed lo come in (‘ontact wdth 
irrigation water. It was felt that this w^as a condition that must be 
met on most of Utah’s infested land, as irrigation wais likely to be 
necessary to maintain growth. 
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YIELDS OF WHEAT FOLLOWING POTATOES AND THE 
RELATION OF NITRATES IN THE SOIL TO THESE^ 

F. A. Welton and V. H. Morris^ 

INTRODUCTION 

Among farmers the impression is general that the potato crop is a 
good one after which to sow wheat. The explanation of this belief has 
been for years, and still is, a topic for lively debate among wheat 
growers. In tlje consideration of this or anv similar questi<)n, it is in 
order first to inquire if the notion is true; and if it be true, then 
vSecondly, to ask to w^hat caUvSe it ma}^ be due. So far as the writers 
are aware, this feeling among farmers is based, not on experimental 
evidence, but rather, ui)on the accumulated observation and ex¬ 
perience' of multitudes of fanners extending back through the }'ears. 
Usually when an outstanding yield of wheat is reported, it is found to 
have been grown aftiT jxitatoes The most noteworthy instance of 
this kind of vhich the writers have knowledge is one reported by the 
United vStates Kureau of Oop Estimates (5). According to this 
Bureau, the highest \ ield ot wheat, so far as it has ever been able to 
ascertain, is one obtained in 1805 in Island County, Washington. 
It was grown in an 18-aere field and the average \ield per acre by 
weight was 1172 bushels. The wheat, according to tliis report, had 
hcvn preceded by three crojis of jiotatoes. 

Moreover, iIktc is some exjierimental evidence which indicates 
that the farmers are correct in their opinion. For exanqile, on the 
farm of the Oliio Agricultural Experiment Station, some Ooo plots 
have been used in the production of wheat for more than a (quarter of 
a centur\'. These plots embrace many difTerent rotations, and among 
them is one in which wheat follows potatoes, the rotatic)n b('ing pota¬ 
toes, w'heat and clover. In this series of plots, the more liberally 
fertilized ones have a higher quarter-of-a-centur\^ average yield of 
wheat than have those included in any other rotation on the farm. 
Moreover, it is believed by foimer Director Chas. E. Thorne that the 
most productive plot in the series, Plot 14, has the highest long-time 
average yield of wheat recorded anwhere in the world. 

EXPERIMENTAL WORK 

OBJFXT 

The purpose of this paper is to discuss two points: first, the valid- 

^Contribution from the Department of Agronomy, Ohio Aericultural Experi¬ 
ment Station, Wooster, Ohio. Received for publication May 30, 1924.. 

*Associate and Assistant in Agronomy, respectively. 
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ity of the belief that wheat following potatoes yields higher than does 
wheat following most of the other more common farm crops; and 
second, to offer a possible explanation for the behavior of wheat 
following potatoes. 

MATERIALS AND METHODS 

Wheat yields and the nitrate content of certain soils constitute the 
data upon which the major part of this paper is based. All of the 
wheat crops and most of the soil samples were obtained from the 
field plots (one-tenth acre in size) on the Central Experiment farm 
at Wooster; the cultural, fertility and rotation plots, particularly 
the latter, being the ones from which most of the material was taken. 
Some soil samples were obtained in the wSummer of 1923 from a few 
general farm fields in the Creston tobacco region, located about 12 
miles north of Wooster. 

The nitrate determinations were made on composite samples 
of soil consisting of four borings, each taken to a depth of a})i:)rox- 
imately seven inches. After sifting through a quarter-inch mesh 
sieve, a 200-gram sample was shaken with 1,000 cc. of distilled w^ater 
from 15^ to 4 hours. Nitrate determinations in duplicate were made 
upon the filtrate, using the modified Devarda reduction method. The 
results of the nitrate determinations are recorded in parts per million 
of dry soil. 

THE YIELD OF WHEAT FOLLOWING POTATOES 

To answer the question as to whether wheat following potatoes 
really does yield higher than wdieat following most of the other more 
common farm crops, one method and perhaps the best available one 
is to grow wheat after various crops, including potatoes, and under 
conditions otherwivSe uniform in all particulars as far as possible. 

The rotation work of the Ohio Agricultural Experiment Station 
affords an opportunity to make a comparison under such conditions. 
In this work, wheat is being grown after com, oats, wheat, clover, 
soybeans, and potatoes. All of these crops are produced every year in 
the same field, on uniform soil equally drained, manured, fertilized, 
and limed. These tests embrace five classes of rotations (one-year or 
continuous, two-, three-, four-, and five-year) and a total of 28 
individual rotations. Averaging all the yields of wheat after each 
crop, including the different classes of rotations, they rank in the 
following ordef: 

Wheat after com 10 rotations 32.54 bu. 

“ '' soybeans 6 “ 33.12 

" " oats 3 - 34.85 " 
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Wheat after clover 3 rotations 3 5 69 bu. 

“ potatoes 5 “ 36.43 

** ** wheat I rotation 36.92 “ 

Strange to say, in these experiments covering eight years, the 
highest average yield of wheat has been obtained where wheat 
follows wheat. However, older work in continuous cropping of 
wheat has demonstrated that the yield, by this method, is not long 
maintained. Therefore, this yield may well be omitted from further 
consideration in this connection. Barring the continuous crojjping 
test, the wheat following potatoes \ielded higher than did that 
following any other cro]). The records show that this is true also of 
each class of rotations except one, the four-year, in which case the 
yield of wheat following clover exceeded that following potatoes by 
3.85 bushels. In this connection, it may lx: added that in each class of 
rotations the lowest yield of wheat was always found in a rotation 
where wheat followed corn. 

'J'he variation in yield of wheat as a result of its following different 
cro])S is (iuite marked in all class(‘s of rotations For example, in the 
five two-year rotations, the ditTerence between the highest and lowest 
yield was 6 46 bushels, a gain of 21 7 percent in favor of the jiotatoes. 

In the six three-year rotations, the ditTerence between the highest 
and lowest yield was 6.75 bushels, a gain of 20 i jiercent in favor of 
the ])otatocs 

In the eight four-year rotations, the highest yield of wheat came 
after clover, as has already been noitHl; but the second and third 
highest ('ame after j)otatocs, the increase of the highest ])otato rota¬ 
tion over the lowest rotation of this class being 10.86 bushels, or a 
gam of 38.57 ])ercent in favor of the potatoes. 

In the eight fivc->'ear notations, the dilTerence between the highest, 
and lowest yield was to.81 bushels, or a gain of 37.43 percent in^ 
favor of the ])Otatocs 

These experimental results are in line with the well defined opinion 
of fanners. They indicate that on the a\Trage, wheat following 
potatoes does > ield a little better than does wlieat following any of 
the other crops included in this discussion. 

However, further anah sis of the figures shows that the \deld of 
wheat following potatoes is not always higher than it is following other 
crops. Only in certain seasons is this true. For example, in the 
eight years of this test the yield of wheat following potatoes ranked 
first four times in the two-year rotations; four times in the three- 
year rotations; two times in the four-year rotations and three times 
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in the five-year rotations. But an outstanding yield of wheat 
following potatoes happens often enough, and when it does occur the 
increase is great enough, so that the general average yield of wheat 
following potatoes exceeds that following any of the other crops in¬ 
cluded in this test. Since this is the case, the question arises as to 
why it is true and that query leads to a consideration of the second 
part of this paper. 

CAUSE OF HIGH WHEAT YIELDS FOLLOWING POTATOES 

This matter will be taken up in two sections: First, the influence of 
nitrates on wheat yields, and second, the source of nitrates. 

Before presenting any results, attention is first called to a few 
significant facts which may be gleaned from the older fertility work of 
the Ohio Agricultural Experiment Station. This is done because these 
facts serve to form a background for a part of the discussion which is 
to follow. 


INFLUENCE OF NITRATES ON WHEAT YIELDS 

Compare, for example, the yields of w'heat on Plots 11 and 17 in the 
five-year-rotation fertility work. (For treatment of these plots see 
Ohio Agr. Exp, Sta. Bulletin 336), The thirty-year average of Plot 
17 is 24.36 bushels; of Plot ii, 28.73 bushels, a gain for the latter of 
4.37 bushels or 17.9 precent. The greater yield of Plot ii cannot be 
attributed to potassium because both plots receive the same amount 
of potassium chloride. It can hardly be due to ])hosphorus because 
Plot II, the higher yielding one, receives in the course of each rota¬ 
tion period, 160 pounds less of acid phosphate than does Plot 17. 
Since nitrogen is the only other variable factor, the gain must, there¬ 
fore, be due to it. Plot 11 receives twice as much of this element ])cr 
rotation as Plot 17. 

Further, compare Plots 8 and ii in the same rotation. The thirty- 
year average yield of wheat of Plot 8 is 22.57 bushels; of Plot ii, 
28.73 bushels, a difference of 6.16 bushels or a gain of 27.3 percent in 
favor of Plot 1 x. Both of these plots receive the same amount of 
potassium and phosphorus, but Plot 8 receives no nitrogen. The 
gain of Plot ii over Plot 8 is, therefore, the direct result of the 
nitrogen added to the former. 

Again, it is of interest to compare the difference between these two 
plots with the difference between the corresponding and similarly 
treated plots in the three-year potato rotation. In the latter, the 
twenty-nine year average wheat yield of Plot 8 is 36.16 bushels; 
of Plot II, 37.92 bushels, a gain of 1.76 bushels or 4.9 percent. Be- 
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tween these two plots, therefore, the difference in yield of wheat is 
4.40 bushels greater in the five-year rotation where wheat follows 
oats than it is in the three-year rotation where wheat follows potatoes. 

Attention is directed to these long-time fertility experiments be¬ 
cause they illustrate; first, the importance of nitrogen in wheat pro¬ 
duction; and second, the apparent independence of wheat from com¬ 
mercial nitrogen in a potato rotation. These results raise the question 
as to whether Plot 8 in the potato rotation does not obtain nitrogen 
from some source other than from commercial fertilizer used. Is 
there a greater residue of nitrates left in the soil after the removal of a 
crop of potatoes than there is after the removal of most any other 
farm crop? 

To answer this question, a series of nitrate determinations was 
started in the fall of 1921 on six different plots, each of which had been 
in a different crop that summer, but all of which were seeded to wheat 
that fall. The complete rotations of which each one of these six 
plots forms a part are : 

1. Corn, oats, wheat, clover. 

2. Corn, corn, wheat, clover. 
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3. Com, potatoes, wheat clover. 

4. Potatoes, soybeans, wheat, clover. 

5. Corn, oats, clover, wheat. 

6. Wheat, wheat, wheat, wheat. 

In each rotation there are as many plots involved as there are 
crops included in the rotation, so that any given crop, except the 
continuous cropping wheat, is grown on a different plot each year. 
In this nitrate work, therefore, the soil samples, with one exception, 
have been taken from a different plot every year. 

The dates of sampling and the quantity of nitrates found during 
the fall months of 1921 are shown in Figure I. 

In these results, it will be noted that the potato plot ranks highest 





Fig. 3. Graphs of nitrates in com, oat, wheat, clover, soybean, and potato 
plots, all of which were seeded to wheat in the fall of 1922. 
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and the soybean plot lowest. Why a non-legiime like potatoes should 
leave more nitrate nitrogen in the soil than a legume like soybeans is 
not altogether clear. It is not difficult to see why the clover plot 
should run relatively high because clover is a legume and, moreover, 
the land was plowed relatively early thus taking on for a time a 
fallow condition. The wheat ground also was plowed early, and thus 
it, too, benefitted from a short period of fallowing. 

When the relatively high nitrate content of the potato plot was 
observed to persist from week to week, it was thought advisable to 
include in the test additional potato plots lest this one should prove to 
be unrepresentative of its class. 

Accordingly six additional plots were sampled on October 6 and the 



Pig. 5 . Graphs of nitrates in corn, oat, wheat, soybean, and potato plots, all 
of which were seeded to wheat in the fall of 1923. 
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quantity of nitrates found in these plots on that and subsequent 
dates is shown in Figure 2. By way of comparing further the effect of 
potatoes with that of other crops, there is included in this figure also, 
the nitrates found in three fields, one each of com, oats, and soy¬ 
beans. These three fields are among the most fertile to be found any¬ 
where on the station farm. In all of the plots, the nitrates rank 
above those found in the corn, oat and so>bean fields. The probable 
reason for the relatively low nitrate content of two of the potato 
plots is the fact that in one case the potatoes had been preceded by 
com; in the other by soybeans, both heavy consumers of nitrogen. 
The other four potato crops followed clover 

The determination of nitrates in plots of wlieat following the same 
six crops was repeated in the fall of 1022 and the results, shown in 
Figure 3, confomi closely to those obtained in iq2i. 

That the variation is not accidental, but (kwelops as a result of the 
kind of crop grown is indicated by the work on another set of plots 
where the sampling was started in the spring at i)lanting time, and 
continued throughout the growing season, while the corn, ]:x>tatoes 
and soybeans occupied the ground. At the end of the season the 
quantity of nitrates, shown in Fig. 4, varied widely; the rank in 
descending order being j)Otatoes, corn, and soybeans. 

The finding of relativel\’ high nitrates after ]>otatoes is in accord 
with the work of King and Whitson (2)’\ Stewart and (Ireavcs (6), 
and Lyon and Bizzell (4). 

Nitrate determinations were continued on the two sets of plots in 
1923 but with different results. In both sets of plots the nitrates 
found in the ]3otato plots were conspicuously lower than in the two 
preceding years, as vshown in Figures 5 and 6. Such a result, however, 
is to be exi)ected, now and then, providing it is assumed that high 
wheat t'ields following potatoes are dependent on high nitrate con¬ 
tent of the soil, because, as has alrcad} been pointed out, wheat 
>delds following potatoes are not al^^a} s relatively high. The nitrates 
therefore, ought not to be and apparently are not always j^resent in 
great abundance in potato soil. 

However, if nitrate nitrogen in potato soil is liigh in some seasons, 
then why is it not high in others? That is a fair question. Perhaps 
rainfall is an important factor, nitrates doc'reasing as rainfall in¬ 
creases. If high nitrates are correlated with low rainfall then from 
the quantity of nitrates found in the potato plots in the early fall of 
1921, of 1922, and of 1923, shown in Figures i, 3, and 5, one would 

•Reference by number is to ^‘Literature Cited,” p. 534. 
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expect the preceding weeks, particularly the month of August, to 
have been rather dry in 1921 and 1922, and wet in 1923. According 
to weather records at Wooster, this is true. The rainfall for August in 
1921, 1922, and 1923 was 1.85, 1.17, and 4.70 inches respectively. 
Considering the nitrates found during the fall period as a whole, then, 
on the assumption that high nitrates are correlated with low rainfall, 
one would expect the rainfall to have been lowest in 1922 because 
that is the only one of the three falls in which the nitrates were not 
only high in September but remained so to the end of November. 
The total rainfall for the months of August, September, October, 
and November in each of the years 1921, 1922, and 1923 was 15.48, 
5.43, and 11.98 inches respectively. The yield of the wheat crop on 
the potato plots following the low nitrates in 1921 and the high nitrates 
in 1922 was 33.50 and 42. 87 bushels respectively. 

The suggested relation between nitrates and rainfall raises an 
interesting question; because, if it should be shown eventually that 
high wheat yields are dependent on high nitrates and that high nitrates 
in turn are dependent on low rainfall, then it follows that high wheat 
yields should be correlated with low rainfall, a proposition which is 
not now accepted by all students of these problems. 

From the foregoing remarks relating to the influence of nitrates on 
wheat yields it appears that the latter arc closely related to the 
former and that the nitrate content of a wheat seed-bed may be 
materially aflected by the preceding crop, potatoes being especially 
favorable and soybeaiis and corn particularly unfavorable for the 
accumulation of soil nitrates. 

SOURCE OF NITRATES 

Whence then come the nitrates in the case of the potatoes'" Culti¬ 
vation may be a factor. That cultivation increases nitrates on the 
Wooster silt loam was brought out in a late-cultivation-of-com test 
made in 1921. After the ordinary time of discontinuing cultivation, a 
portion of a certain field of com was given thre;e later cultivations. 
These were made July 2 2, August i, and August 12. An area parallel 
and adjoining the first was left without these three later workings. 
Across the middle of both plots, nine rows of corn were removed on 
the date of the first cultivation, thus leaving that part of each plot 
fallow. On this bare space, two series of nitrate determinations were 
run throughout the' remainder of the season—one on the cultivated 
and one on the uncultivated portion. The results, therefore, represent 
the difference in development of nitrates due to cultivation on land 
which had already produced a growth of com to the earing stage. 
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Samples were taken thirteen times, the last being gathered Novem¬ 
ber 26. The nitrate nitrogen found averaged 37 parts per million on 
the cultivated portion and 31 on the uncultivated. 

This experiment was repeated in 1922 and again in 1923. In both 
of these years there was a gain for cultivation, but it was no more 
marked in either of them than it was in 1921. The increasing of 
nitrates from cultivation is not in accord with the work of Call and 
Sewell (i) but it does agree with that of Lyon (3). 

Cultivation alone, certainly, is not adequate to account for the 
quantity of nitrates sometimes found in potato ground. Moreover, 
there is much less accumulation in corn and almost none in soybean 
ground, and both of these are intertilled crops, the same as potatoes. 

The writers are not unmindful of the supposition that in the de¬ 
velopment of tubers symbiosis is essential. If this be true, it means 
that two organisms are working together, and some time it may be 
demonstrated that because of this combination the potato is able to 
gather nitrogen from the air. 

However, in seeking to explain the source of nitrates, it is perhaps 
well not to ovcrlwk two things; namely, (j) the nitrogen require¬ 
ment of the crops concerned and (2) the age of ixitatoes at which 
they assimilate most of their nitrogen. 

THE NITROC.EN REpi IRFMEN f OF CERTAIN CROPS 

With the exception of jiotatoes, the figures in the following table 
are adapted from “Soil Fertility and Pennanent Agriculture” by 
Hopkins. 'Fhc requirement of potatoes is a little less than that of 
clover and soybeans, practically the same as com. and more than that 

Kind of crop Yield jier acre Nitrogen remcnxd per acre, 


Corn 

7 s; bushels 

entire crop 

lbs. 

111.00 

Oats 

75 ‘‘ 

72.75 

Wheat 

37-5 “ 

72.00 

Clover 

3 tons 

120.00 

Soybeans 

20 bushels 

127.20 

Potatoes 

200 “ 

110.00 


of either oats or wheat. However, 70 of the no pounds removed by 
the potatoes is contained in the stems and leaves and is, therefore, 
not removed from the soil at all. If the entire 70 pounds was available 
to the succeeding wheat crop, that alone would satisfy the nitrogen 
requirement of a 36-bushel per acre wheat yield. Probably not all of 
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this nitrogen becomes available to the following wheat crop; but 
the rapidity with which the leaves decay and are thus returned to, 
and incorporated with, the soil suggests that a considerable part of it 
is, because approximately two-thirds of the nitrogen carried in the 
tops is contained in the leaves. 

But even if all the nitrogen of the tops was liberated immediately, 
that would not account for the accumulation of nitrates found in the 
early fall because that nitrate nitrogen was present in the soil before 
the potatoes were dug. This leads to a discussion of the second point. 

THE AGE AT WHICH POTATOES TAKE UP NITROGEN 

According to Wilfarth et al (7), the nitrogen requirement of the 
potato is about satisfied by the middle of August. If this be true, 
then so far as the one element nitrogen is concerned, land devoted to 
the production of potatoes is practically fallow for a month or six 
weeks before wheat seeding time. Arid fallowing favors the accumu¬ 
lation of nitrates. An instance of this is afforded by results obtained 
in the late-cultivation-of-coni test to which reference has already 
been made. In this test nitrate detemiinations were made also on 
soil samples taken from the cropped as well as from the uncro])ped or 
fallow land. On the cropped land the nitrates averaged 17 ]>arts per 
million; on the fallow, 34 parts per million. 1'he experiment w'as 
repeated in 1922 and again in 1923 and in both years the results 
were similar to thOvSe found in 1921. 

Land growing a crop of millet in the summer of 1923 was sampled 
at regular interv^als from July lo to November 16, inclusive; 13 
times altogether. It gave an average of 8 parts jicr million of nitrates. 
Fallow land adjoining and sampled in the same way gave an average 
of 29 parts per million. King and Whitson (2), also vStewart and 
Greaves (6), have reported similar results from fallowing. 

In view of these results, it would seem rational to account for the 
abundance of nitrates sometimes found in wheat groimd following 
potatoes on the assumiition that such land, so far as the one element 
nitrogen is concenied, has been practically fallow for several weeks 
prior to seeding, 

DISCUSSION 

It may be claimed that if the high yields of wheat following potatoes 
are due to an accumulation of nitrates in the potato ground, then, 
since wheat yields well also following such crops as tomatoes and 
tobacco, one ought to find an accumulation of nitrates in soils on 
which these crops are grown. 

In order to determine whether this be true, a series of nitrate 
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determinations was made on soil samples taken in the summer of 1923' 
from two adjoining plots on the station farm; one planted to tonia- 
toes; the other to sweet corn. On each plot soil samples were taken 
at regular intervals on 12 different dates beginning August i and' 
ending November 16. The nitrates found in the com and tomato 
plots during the entire period of sampling averaged 12 and 31 parts 
per million, respectively. 

In order to study this situation in relation to tobacco, there were 
selected in the Creslon tobacco district, three fields, each of which 
was jdanted in ])art to corn, and in part to tobacco. Soil samples 
were taken on four different dales beginning August 0 and continuing 
to October 6. ()n t*ach date two sam])les were taken from each field, 
one in the com and one in the tobacco; both from adjoining areas. 
The nitrates fotuid in the so.il of the three fields were in every in-, 
stance greater in the tobacco than in the corn section, the average of 
all determinations being 10 parts per millic n in the com and 20 in the 
tobacco In early August, the nitrates in tlie tobacco soil were much 
higher than in the com soil, but later th(‘ difference was much less 
marked 'hhe marked falling off in the tobacco soil was ])robably due 
to the heavy rainfall in August. Prior to August there had been 
but one month, May, since the beginning of the year in which the 
})reci])itation was up to normal. The total rainfall for June and 
July was only 4,07 inches or 4 13 inches less than the normal for those 
two na mths {Normal rainfall equals the 3 5-\ ear avcnaige at Wooster). 

As between a symbiotic relation and fallowing, the writers ])refer to 
ascTibe the accumulation of nitrates to the latter because such an 
assumption accounts for the accumulation of nitrate nitrogen in 
tomato and tobacco soils as well as in potato seals. If the accumu¬ 
lation of nitrates in jKJtato groirnd is exi)laincd as the result of symbi¬ 
osis, then no e\])lanation is forthcoming to account for such accumu- 
lati(jn in tomato and tobacco soils, because, so far as the writers are 
aware, no relation of this kind has ever h)een claimed for either of 
these two cro]LS. 

SUALMARY 

Ext)erimental evidence confirms the impressiem that wheat follow¬ 
ing potatoes does, on the average, yield a little higher than does wheat 
following most other crops, but there are many years in which this 
does not hold true. 

At the end of many seasons, the nitrate content of potato ground is 
much higher than is that of com, oat, wheat, clover, or soybean 
grotmd. This may accoimt for the relatively high yields of wheat 
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that are freqiiently obtained when this crop follows potatoes. 

High nitrate content of potato ground may be due in part to the 
relatively small amount of nitrogen removed by the tubers and in 
part to a fallow condition of the ground which seems to obtain during 
the last weeks it is occupied by the potato crop. 
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HYBRID VIGOR IN SOYBEANS^ 

J. B. Wentz and R. T. Stewart- 

Hybrid vigor has been noted by plant hybridizers from the very 
earliest to the late workers. East and Jones^ have published a 
complete review of the literature on this subject, presenting a large 
number of instances of vigor in Fi plants as well as a review of the 
theories on the caus^ of hybrid vigor, or heterosis. The writers of 
this paper, however, have not been able to find any such data for 
so> beans. This probably is due to the fact that the soybean is a 
comparatively new crop to the x)lant breeder, and also to the fact 
that very small numbers of hybrids have been produced on account 
of the difficnilty of manipulating the flowers. 

EXPERIMENTAL WORK 

There is presented in this paper some data on the ^dgor of Fi 
soybean hybrids as compared to their parents. These hybrids were 
made in the summer of 1922 by William T. H. Ho.** Nine diflFerent 
varieties were used in the crosses reported, in the following combina¬ 
tions. 

^Contribution from the Department of Farm Crops, Iowa State College, Ames' 
Iowa. Received for ixiblication June 10, 1924. 

‘Associate Professor and student, respectively. 

‘East, E. M., and Jones, D. F. Inbreeding and Outbreeding. J. B. Lippin- 
cott Co., Philadelphia. 1919. 

‘A graduate student in the Department. 
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Cross No. 

Female 

Male Ntanber of 

hybrids obtained 

5 

Wisconsin Black 

Mandarin 

I 

64 

Ogemaw 

Soysota 

2 

73 

Ogemaw 

Soysota 

2 

50 

Soysota 

Ogemaw 

3 

65 

Ogemaw 

Manchu 

2 

113 

Ito San 

Manchu 

2 

148 

Early Brown 

Ito San 

I 

150 

Early Brown 

Ito San 

I 

183 

Ito San 

Black Eyebrow 

2 

407 

Manchu 

Wilson 

I 

A number 

of other crosses were 

secured during the 

season, but 


only those are used in this study in which the Fi hybrids could be 
identified with certainty by characters of plants and seeds other 
than vi^or. 

METHODS OF STUDY 

When the cross ])ollinations were made, the jdant from which 
pollen was taken for each pollination was tagged and an attempt made 
to secure seed from this pollen parent as well as the female parent. 
Due to the fact that the grasshoppers destroyed some of the tags, 
seed was not always secured from the pollen parent, but seed was 
always taken from the female plant. 

When the hybrid seeds were planted in the spring of i Q23, they were 
spaced four inches apart in rows four feet apart. In each case, the 
hybrid seeds of a cross and the parental seeds were ])lanted in the 
same row. 

Measurements on height of main stem in centimeters were taken 
on individual plants once a week from the time the jdants were well 
above ground until maturity. When the plants were mature the 
I)ods were picked from each plant se])arately. threshed by hand, and 
the seed weighed in grams. 


RESULTS 

In this study hybrid vigor is measured in terms of height of plant 
in centimeters and yield per plant in grams. The two phases of the 
work are presented separately. 

Height of Plants 

Table 1 shows the average height of parental and hybrid plants for 
each cross, together with the number of plants averaged in each case. 
In four of the crosses both parents are included, while in the remain- 
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ing six crosses only the female parents are present. Under the' head¬ 
ing ‘^Average of parents,” the figures for these six crosses include 
female parents only. This may not be considered a fair test where 
the male parents are missing. It may be thought that the increased 
height in the hybrids was due to the use of tall male parents, but it 
will be observ^ed from the 'Fable that in most of these six crosses 
medium to low varieties were used as male parents. For example, in 
cross number 50 Ogemaw, a very short-gre^wing variety, was used as 
the male parent and the percentage increase in height of the hybrid 
over the female i)arent was 30.87. 

It will be noted that in sev’en cases out of the ten the hybrids were 
taller than the parents. In one of the three cases which show a 
decrease in the hybrids as compared to the parents, cross number 5, 
the one hybrid plant present was badly injured by the road vrader 
during its growth and no doubt was greatly handicapped. In the 
two crosses, numbers T13 and 407, all the ])lants were not entirely 
mature when frost came. This was partiailarly true of nimiber 407. 

While these data are not extensive there seems to be somt* evidence 
of hybrid vigor. 



WeeK5 


Pig. 1. Graph showing growth curve of hybrid as compared with female parent. 
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A very interesting part of the data on height of plants is that in¬ 
cluded in Table 2 where the heights of hybrids and parents are com¬ 
pared at bi-weekly intervals. It will be noted that there is very 
little evidence of hybrid vigor in the first six of the fourteen weeks of 
the growing period. For example, examine the data in this table for 
the seven crosses which showed hybrid vigor as expressed in final 
height in Table i and it will be seen that the difference in favor of the 
hybrids at the end of six weeks is so very small that one could hardly 
say there is any evidence of hybrid vigor. However, if the data for 
the eighth and following weeks is taken it will be seen that the hy¬ 
brids made rapid gains. The gain in height is practically all made 
during the two or three weeks just previous to the time that the plants 
stopped their growth. The time at which this rapid gain occurs 
depends upon the date of maturity of the varieties involved but the 
same general comparisons are seen in all the growth curves. Figure 
I shows the growth curve of hybrid number 50 as compared to the 
female [parent. This same general curve is shown by all seven of the 
crosses showing hybrid vigor. 

Yield Per Plant of Hybrids As Compared to Parents. 

Table 3 presents the data on average yield per plant of the Fi 
hybrids compared to the parents. Here there are some very striking 
figures on yield of Fi hybrids as compared to parents. There is a 
decided increase in every case excepting in cross 5, where there is a 
small increase in spite of the fact that the single hybrid plant was 
badly handicapped by injury during the growing season. Elimina¬ 
ting this cross the percentage increase of hybrids over jmrent ranges 
from 59.58 to 394.37. There can be no doubt about there being a 
decided manifestation of heterosis in these crosses, even if it is assumed 
that high yielding males are used in all the cases where the yields of 
the male parents are missing, 

SUMMARY 

In this paper, data are presented concerning hybrid vigor in soy¬ 
beans as expressed in height of plants and yield per plant, as well as 
data showing the growth curves of the hybrids as compared to parents. 

The data on height of plants indicate some hybrid vigor in these 
crosses. 

The growth curves of the Fi hybrids show that the gain in height of 
hybrids, where there was distinct evidence of heterosis, w^as prac¬ 
tically all made within the three weeks just previous to the time when 
the plants stopped growing. 
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The data on yield per plant show very striking evidence of hybrid 
vigor, giving percentage increases of hybrids over parents ranging 
from 59.58 to 394-37- 

THE raPLUENCE OF BROKEN PERICARP ON THE 
GERMINATION AND YIELD OF CORN‘ 

Marion T. Meyers^ 

When external fungous organisms gain entrance through a broken 
pericarp and a saprophytic start in the endosperm of some grains 
during germination, it has been found that they may become para¬ 
sitic on the seedling when they otherwise would not. The experi¬ 
ments reported in this paper were conducted to determine the re¬ 
lation of broken seed coats to readings for disease on the germinator 
and to seedling mortality and yield under field conditions. 

REVIEW OF LITERATURE 

Investigations of the root, stalk, and ear rots of com by Hoffer 
and Holbert (g)'h Duddleston (6), and Holbert and Hoffer (10) 
suggested the modification of the germination test for the detection 
of seed-borae infections which could not be otherwise detected, but 
which were a serious factor in controlling these diseases. Adams 
and Russel (i) noted that infections with common saprophytic 
molds, which were borne on the surface of the seeds and which caused 
very little, if any inju^>^ tmder field conditions frequently inter¬ 
fered with the detection of serious pathogens on the germinator. 

Fusarium moniliforme has been found to be carried almost uni¬ 
versally in great abundance on seed com, by the work of Valleau 

(17) , Melchers and Johnston (13), and Branstetter (3). Ontheother 
hand, comparatively few ears infected with Diplodia zeae or Gibber- 
ella saubinetii were found. Whether the presence of Fusarium 
moniliforme is a serious detriment to seed corn is still in doubt, but it 
is evident that selection or treatment to eliminate this organism 
which causes very conspicuous symptoms on the germinator, has 
little influence on yield under field conditions; as found by Valleau 

(18) , SherbakofI (16), and Melchers and Johnston (13 and 14). 

Branstetter <3) further found, 'That with a little care, one can 

select comparatively disease-free ears from a lot of com, thus elimi- 

'Contribution from the Department of Farm Crops, Ohio State University, 
Columbus, Ohio. Received for publication June 10, 1924. 

^Assistant in Farm Crops. 

’Reference by number is to “Literature Cited,” p. 550. 
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nating the necessity of using the germinator as a means of detecting 
heavily infected seed ears/' In view of the results reported above, 
selection of ears on the basis of disease readings on the germinator in 
many lots of carefully selected seed com might be expected to give 
very little, if any, increase in yield. Kiesselbach (12) and the Iowa 
Agricultural Experiment Station (2), as well as Valleau (t 8), and 
Melchers and Johnston (13 and 14) cited above, obtained such 
negative results by the use of the germinator. 

Melhus and Durrell (15) stated that saprophytic molds were often 
found growing from the break in the seed coat of kernels on the 
germinator, and that frequently these infections influenced the 
condition of the seedlings. Hurd (ii) germinated wheat grains with 
broken and unbroken seed coats on blotters thickly sprinkled with 
spores of Pemcillium sp. or Rhizopus nigricans. When the pericarp 
was broken over the endosperm, the molds obtained a saprophytic 
start which enabled them to become ])arasitic on the seedlings. 
Only a few such grains ever germinated, and the weak sprouts which 
resulted soon died. Sound grains and grains with the pericarps 
broken only over the embryo germinated normally on the same 
blotters. 

Parallel cases in which it has been shown that molds are enabled 
to produce their characteristic effects only when given a sai)ro]')hytic 
start, are reported by Harter and Weimer (S) working with Rhizopus 
infection of sweet potatoes, and by Burrell (7) working on the purple 
leaf sheath spot disease of com. In the latter case, the various causal 
organisms were able to attack the living tissue only when growing 
saprophytically on agar ])laced inside the leaf sheath, or on pollen or 
pollen sacks washed there by rain or dew. 

Brown (4 and 5) reported experiments comparing the yield from 
broken and entire seeds of com imder field conditions. The entire 
seeds usually outyielded the seeds without the protection of the peri¬ 
carps several bushels per acre in several trials. The amount of 
rCwServ^e food available for the growth of the seedlings was assumed 
by the author to be the chief causal factor. 

EXPERIMEx\TAL WORK 

SELECTION OF M.XTERIAL 

The experiments tvere begun in the fall of ig2i. Because of the 
warm humid weather during the latter part of the growing season, 
there was an epidemic of Diplodia zeae, resulting in a large percent of 
rotted ears, in the crop of that year. It was believed that whenever 
a large amotmt of obviously rotted ears were found, there would be 
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present, also, xnany slightly infected ears which could not be detected 
in the selection of ears for seed. 

From the crop growing on the Ohio State University farm, six 
lots of seed ears were selected from each of two varieties, Reid’s 
Yellow Dent and Clarage. The first lots were selected from the stalks 
in the fall at the time the com reached maturity, and the subsequent 
lots were selected at intervals from the field during the fall and winter 
and from the crib in the spring. Each lot consisted of two or more 
bushels, and as soon as selected was carefully stored on drying racks 
until tested. 

In addition to this material, twelve bushels of seed corn were ob¬ 
tained, consisting of a lot of early Clarage selected from the stalks in 
northern Ohio, and a lot of Reid’s Yellow Dent from central Ohio 
and of Johnson County White from southern Ohio, both selected at 
husking time. 

In the various lots there were ears showing slight discolorations due 
to molds. These were most numerous in the Johnson County White. 
An effort was made to obtain material representative of what farmers 
had available for planting the following year, rather than the selec¬ 
tion of unusual seed, thus indicating the nature of the seed corn 
situation in Ohio. 


GERMINATION STUDIES 

With this material, an attempt was made to determine the amoimt 
and the seriousness of the seed-borne infections with root rot organ¬ 
isms in the different lots. The modified rag doll was used and the 
methods described by Hoffer and Holbert (9), Duddleston (6), 
and Holbert and Hoffer (10) were followed. It was soon found that 
the disease readings in these tests were not consistent, although the 
greatest care was exercised in controlling the conditions. 

Enough replicate dolls were made, using the same ears from each of 
the several lots, to compare the readings for disease on duplicate dolls 
from each lot, each day after germination, at 80® F. for six, seven, 
eight, and nine days. Where normal germination occurred, there 
were no signs of mold or lesions on the kernels or seedlings up to the 
sixth or seventh day, after which mold developed very rapidly, and 
nearly every seedling showed lesions. It was noted that there was as 
great variation in infection on the germinatior among the duplicate 
dolls from the same lot, run for an equal period of time, as among the 
dolls from tl^e rest of the lots, germinated for the same length of time, 
provided the ears comprising them appeared equally sound. Many 
ears had kernels showing external evidences of mold, which in some 
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cases had advanced far enough to kill the embryo. In other 
cases, the molds did not affect the germination, but their presence 
resulted in an increased amount of disease on the kernels and seed¬ 
lings on the germinator. 

In the above tests, the first evidence of mold was a tuft of fungous 
hyphae growing from the break in the pericarp made by the knife 
when the kernel was removed from the ear. It appeared from these 
results that the modified rag doll germination test was simply a 
repetition, with com, of experiments with wheat conducted by Hurd 
(11). This led to experiments to determine whether the usual external 
spore load of ordinary sound seed com, by gaining a start in the endo¬ 
sperm through the break in the ]:>ericarp, was the source of most of 
the seedling injury on the germinator. 

Dolls were made up from ears taken from several lots. The 
kernels were hand shelled to prevent breaking the pericarp. The 
pericarj) of half the grains from each ear was broken over the endo¬ 
sperm with a knife. Some of the unbroken and of the broken grains 
were sterilized in a solution of mercuric chloride (2 parts to 1,000) 
and thoroughly washed in sterile water. The usual precautions were 
observed to avoid contamination in making up the dolls. From 
five to eight ears from one lot were used in making up a series of 
duplicate dolls. Each ear was represented by four adjacent rows of 
kernels as follows: 

Row I. Unbroken, sterilized 

Row 2. Broken, sterilized 

Row 3. Unbroken, unsterilized 

Row 4. Broken, unsterilized 

Several lots were so tested. The dolls were kept in the germinator at 
80° F., and read on the sixth, seventh, eighth, and ninth days. 

When the first readings were made, there was no evidence of mold 
in any doll, but in the subsequent readings mold had appeared and 
had increased according to the length of time in the germinator. 
Comparison of the rows in the doll from any ear gave the following 
results: 

Row I. (Unbroken, sterilized) Kernels and seedlings usually 
free from lesions and evidence of mold, even at the last reading. 

Row 2. (Broken, sterilized) Lesions and signs of mold were few 
and increased in number and size slowly. 

Row 3. (Unbroken, unsterilized) In most cases the amount of 
infection was about the same as in row 2. 

Row 4. (Broken, unsterilized) Lesions and molds appeared 
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earlier, were more severe, spread more rapidly, and resulted in a 
decided reduction in the vigor of the seedlings when compared with 
any of the other rows. 

Because of the accidental contamination which was sure to occur in 
making up a series of dolls in the preceding experiment, the method 
was modified after a few trials. Several duplicate dolls were again 
made up from groups of ten ears, using hand shelled kernels, one- 
half of which had been broken over the endosperm. The broken 
and unbroken kernels were placed in adjacent rows on the dolls. 
Half the dolls of each series of duplicates were treated with mercuric 
chloride (2 parts to 1,000) for 30 minutes to eliminate external in¬ 
fections, and then washed in running tap water for one hour. The 
remaining dolls were placed in tap water and allowed to remain there 
for one and a half hours. All were germinated at 80° F., and one doll 
of each half of the series was read on the eighth, eleventh, and four¬ 
teenth day. In this wa\^ approximately sixty ears from each lot of 
seed available w’cre tested. In all, over fifteen thousand seedlings 
from treated dolls were compared with a like nimiber from untreated 
dolls. 

The seedlings in the treated dolls were noc onW free from mold in 
every case, even up to the fourteenth day, but w^ere also more vigor¬ 
ous than those in the untreated dolls. The break in the pericarj) 
made no difference in the treated dolls. On the other hand, as was 
also showm in the previous experiment, the seedlings in the non-sterile 
dolls from the grains wdth broken ]:>ericaq)s were more severely 
rotted than those from the grains w'ith unbroken pericarps. The 
kernels with broken pericarps w’ere very mold}^ and the food contents 
largely destroyed, w^hile the unbroken kernels w^ere in ver}" much 
better condition. 

Inasmuch as the material tested was taken at random from all the 
lots of corn, occasionally ears w^ere found which, before testing, 
were obviously moldy or dead. Where the rots had not progressed 
far enough to kill the embryo, surface sterilization was effective, and 
the seedlings produced w^ere free from lesions. In the treated dolls, 
some of the grains developed a reddish or purplish discoloration of the 
pericarp, extending from the tip cap about one-third the length of the 
kernel. The cause of this discoloration was not evident before testing. 
Such grains germinated normally and the seedlings showed no lesions. 
In the various lots, 5 to 20 percent of the ears had a few such kernels. 
This would seem to agree with the results obtained by Valleau (17). 
The discoloration was assumed to be due to Fusarium moniliforme 



MEYERS: EFFECTS OF BROKEN PERICARP IN CORN 


545 


present (as an internal parasite) in the grain after surface steriliza¬ 
tion. 

The results of the above experiments indicate that after careful 
visual selection (with the one exception noted) seed com carries only 
external infection which may be eliminated by surface treatment, 
after which the broken pericar|3 is not a factor in seedling vigor. 
On the other hand, in dolls containing both broken and unbroken 
kernels prepared by the ordinary modified rag doll method, in¬ 
fection and subsequent mold growth are greater in the broken ker¬ 
nels, where the fungi present gain entrance and a saproph}i:ic start in 
the endospenn. It aj^jx'ars that surface-borne infections are largely 
responsible for the readings taken as evidence of disease ])resent in 
the ears in the ordinary modified irermination test. 

FIELD EXPERIMENTS 

All plots in the field experiments were replicated three limes, and 
the values reported are the average of the three i)lots, except in the 
case of the ear-to-plot test, conducted in 1922, in which the compari- 
vSon is on the basis of the average of two sets of ten i)lots each. In 
1922, all plots consisted of three rows, 31 hills long. The center row 
only was harvx^sted, eliminating the end hills together with the border 
rows. In 1923, all plots coiivsisted of four rows, which were 31 hills 
long in two replications and 33 hills long in the other. The two 
inside rows were harvested seaprately, eliminating the outside rows 
and the end hills. The sum of the two rows gave the yield of the 
plot. Each year, the hills were 42 inches apart each wa>' and three 
kernels were planted per hill without thinning the resulting stands, 
except in the case of one set of jilots in 1923, which was planted at the 
rate of four kernels per hill and thinncil to three plants per hill. 
The seeds were planted May 20, in 1922, and May 6, in 1923. 
The season of 1922 was ver\^ favorable for the germination and growth 
of the com and the soil was highly productive. Conditions immediate¬ 
ly after planting in 1923 were very unfavorable for the germination of 
corn. Subsequently the season was favorable. The soil on which the 
experiments were conducted in 1923 was moderately unpnxiuctive. 
The plots were harvested October 7 to jo, in 1922, and on November 
13, in 1923. The moisture content at harvest and the shelling per¬ 
centages were determined, and the yield computed as bushels of 
shelled com on the basis of a uniform moisture content of fifteen 
percent. 

The first field experiment was conducted to determine whether 
sound-appearing seed com, showing good germination, could be 
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divided into inferior and superior yielding groups of ears on the basis 
of the readings for disease on the germinator. 

In the spring of 192 2, sixty-eight sound-appearing ears were selected 
from a crib of the University Reid’s Yellow Dent com. Duplicate 
tests of these ears were made by the usual modified rag doll method. 
Three ears failed to give perfect germination and were discarded. 
The remaining sixty-five ears were used in subsequent field experi¬ 
ments. The ten ears appearing most diseased, and the ten least dis¬ 
eased ears according to the readings in the two germination tests, 
were selected. These were planted in a series of ear-plots, alternating 
the plots of the diseased and disease-free ears. The results obtained 
are given in Table I. 

Table i. —Yields obtained from ear-plots of ten least diseased and ten most diseased^ 
appearing ears, selected on the basis of disease readings in two 
duplicate germination tests. 

Yield in bushels per acre of 
shelled corn reduced 
1-0 15% moisture 
Total Unmarketable 

Average of ten least diseased ears . . 88.56±1.53 3.62 

Average of ten most diseased-appearing ears.. 83.43dr 1.64 4.50 

Difference in favor of least diseased ears . . 5.i3dr2.24 


The average yield of the ten least diseased ears exceeded the aver¬ 
age yield of the ten most diseased-api)earing ears by 5.13 bushels 
per acre, which is only 2.29 times the probable error of the com¬ 
parison. 

The possibility of this difference being due largely to chance is 
further indicated by the results obtained in another series of plots. 
This series consisted of three plots, planted with composite seed as 
shown in Table 2. 

Table 2 . — Yield obtained from plots planned with composite seed from (/) the ten 
least diseased ears, ( 2 ) the ten most diseased-appearing ears selected ahove^ 

(3) f^om the endre lot of 6 s ears without reference to the disease 
readings on the germination test. 

Average yield of the three plots, 
in bushels of shelled com per 
acre reduced to 15% moisture' 
Total Unmarketable 

Composite seed of the least diseased ears. 85.27dz2,36 2.46 

Composite seed of ten most diseased appearing ears 83.30:±:4.34 5.06 

Composite seed of entire lot. 91.68:^:2.33 2.90 

The results obtained in these experiments further support the 
conclusion that careful visual selection is as effective in eliminating 
diseased ears as are disease readings on the germinator. The germi- 
nator may be of some value, however, for determining viability. 
Further field experiments were conducted during 1922 and 1923,. 
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in order to determine the effect on yield of broken pericarp in the 
presence of molds under field conditions. Ten ears were selected from 
a lot of the University Reid's Yellow Dent, which had been gathered 
in the fall of 1921. These ears had been dried on racks in a heated 
building. The pericarps of one-half of the grains on each ear were 
broken over the endosperm by cutting off the dent of the kernel with 
a knife. The broken and unbroken kernels of the ten ears were used 
to make up two composite lots of seed. One-third of the grains in 
each lot received no special treatment; one-third was sterilized with 
mercuric chloride (2 parts to t,ooo) for three minutes, then thorough¬ 
ly washed; and one-third was inoculated with a spore suspension of 
Penicilliidm sp. The six classes of seed so prepared were planted in 
1922, in a corresponding number of plots. The series was replicated 
three times. The stand was counted June 9» and the plots harvested 
October 7 to 10. In comparison with the plots planted with un¬ 
broken seed, the broken seed which was not inoculated gave a slight 
reduction in stand, but no reduction in yield. The inocoilation of the 
unbroken seed had no effect on the stand or the yield obtained, but 
the inoculation of the broken seeds resulted in a remarkable reduc¬ 
tion in both stand and yield, as shown in the data given in Table 3. 


Table 3. —Summary of stand and yield from plots planted in JQ22 with broken and 
unbroken seed variously treated. 

Average yield in bush- No. of plants missing from 
els of shelled corn per 
acre reduced to 15% 
moi.sture 


three replications 


June 9 in a At harvest 
possible total in a possible 


Difference in 
favor of plots 
from unbrok¬ 
en seed 


Total 

Unmarket¬ 

of 

837 

total of 261 

June 9 


able 

No. 

percent 

No. 

percent 

No. percent 

Unbroken 

seed fl3-34=fct-59 

4.33 

52 

6.2 

19 

7-3 

Broken 

seed 92 ±2.33 

2.89 

80 

9.6 

23 

8.8 

28 3.3 

Unbroken 

sterilized 

seed B 7 . 43 =b 3-83 

4.09 

53 

b .3 

31 

13.4 

Broken 

sterilized 

seed 87.69 db 1.64 

3-75 

97 

II.6 

30 

130 

44 5.3 

Unbroken 

inoculated 

seed 88.16dbi.17 

313 

68 

8.1 

28 

12.1 

Broken 

inoculated 

seed 21.26 ±3.39 

2.12 

441 

52.7 

193 

83-5 

373 44-6 


The broken seed coats without artificial inoculation apparently 
produced no bad effects on the plants under field conditions in 1922, 
Was this due to the unusually favorable conditions for germination 
and growth that season, and may the broken seed coat be a menace 
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under unfavorable field conditions? It seemed desirable, in view of 
this question, to repeat the experiments in 1923, using poor soil and 
early planting in order to obtain the least favorable conditions for 
germination and growth. Ten good seed ears were selected from a 
crib of the University Reid’s Yellow Dent in the spring of 1923. 
The seed coats were broken on the crowns of half the kernels on each 
ear, as in 1922, and composites made of both the broken and un¬ 
broken seeds, omitting the artificial inoculation with Pemcillium, 
A series of three plots was planted. The first plot was planted with 
unbroken seed at the rate of four kernels per hill, and the plants 
thinned to three stalks per hill. The second plot was planted with 
sound seed, three kernels per hill, and the stand was not thinned. 
The third plot was planted with broken seed, three kernels per hill, 
and the stand was not thinned. This series was replicated three 
times. Stands were counted and the thinning done June 7, when the 
plants were eight to twelve inches high. The plots were harvested 
November 13. 

A significant reduction in both stand and vigor of seedlings was 
obtained in the plots planted with broken seeds. The difference in 
vigor became less evident as the season progressed and had dis¬ 
appeared by the middle of July. There was no significant difference 
in the yield of the three plots, as shown in Table 4. 

Table 4 .—Summary of stand and yield from plots planted in 102 ^ with broken and 

unbroken seed. 

Average yield of threc‘ Number of 
plots. Bushels of shelled plants missing 
corn per acre reduced to in three repli- 
15% moisture cations total¬ 

ing 1140 plants 
June 7lh 


Pericarp unbroken. Planted 4 ker¬ 
nels per hill thinned to 3 plants.. . 
Pericarp unbroken. Planted 3 ker¬ 

Total 

.62.09 ±3.26 

Unmarketable 

2.28 

No. 

Percent 

nels per hill. Not thinned . 

Pericarp broken. Planted 3 kernels 

.65.56^=2.35 

1.92 

*05 

9.2 

per hill. Not thinned. 

. 63 - 53±>-73 

1.08 

533 

29.2 


From the results of the field experiments with broken and un¬ 
broken pericarps, it may be concluded that in the presence of an 
unusual spore load under favorable conditions for germination, or 
with the usual spore load tmder unfavorable conditions for germina¬ 
tion, the breaking of the seed coat results in a decided reduction in 
the stand obtained from good seed com. An imbroken seed coat is 
effective and valuable protection against molds tmder most field 
conditions. The broken pericarp is the point of entrance of fungi. 
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whose subsequent growth sometimes kills the seedling or reduces its 
vigor. Favorable conditions for growth may offset the latter con¬ 
dition, and it may thus be assumed that the stand was not reduced 
either year to the point where it became a limiting factor in determin¬ 
ing yield. In 1922, the favorable conditions for germination gave 
nearly full stands, even with broken uninoculated seeds, and the 
maximum yield of the good soil was obtained. In the following year, 
the unfavorable condition for germination gave a marked reduction in 
stand and vigor. However, the thin stand happened to be about right 
for maximum production under the conditions prevailing. The fact 
that this resulted in no reduction in yield in comparison with un¬ 
broken seed should not obscure the main point, which is, that seedling 
mortality was increased from 9.2 percent with tmbroken i)ericarps to 
2Q.2 percent when the ]jericarps were broken. 

SUMMARY 

Laboratory experiments with several bushels of seed com from six 
strains obtained from northern, southern, and central Ohio, indicated 
that the disease readings on the germinator were no more discrimina¬ 
ting than careful examination of the ears before testing. As ordinarily 
handled, all seed corn is exposed to surface contamination wdth spores 
of many species of fttngi. Under the unUvSual conditions of moisture 
and temperature prevailing on the germinator, the molds borne in this 
manner cause serious injury to the seedlings of even carefully selected 
seed com. When the seed coat is broken, as it usually is in most 
seeds placed on the germinator, the molds obtain a saprophytic 
start in the endosperm and the injury to the seedlings is greatly in¬ 
creased. 

Field experiments gave no significant increase for disease-free ears 
selected on the basis of disease readings on the germinator from care¬ 
fully selected seed corn, over the most diseased-appearing ears, or 
over ears taken from the lot without reference to diseased appearance 
on the germinator, thus substantiating the indication obtained in 
the laboratory experiments. 

Under field conditions, reduced stands w^ere obtained from seeds 
with broken seed coats. With favorable conditions for germination, 
such as prevailed in 1922, the stands from the broken seeds which 
were not inoculated w’ere only slightly reduced. With unfavorable 
conditions for germination as prevailed in 1923, the stand from the 
broken seeds was reduced approximately 30 percent, and the vigor of 
the seedlings very decidedly lessened in comparison W’ith the seedlings 
from unbroken seeds, which showed a reduction of about 10 percent in 
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stand. Inoculation of broken seeds with spores of Penicilium sp. 
reduced the stand to 396 plants from a possible 837. Only 55 percent 
of these survived till harvest. An unbroken seed coat proved to be 
complete protection against infection with the same spores. 

Under the conditions of the experiments in the two years, the re¬ 
duced stands did not affect the yield in either case except in the plots 
planted with broken inoculated seed in 1922. 

The writer wishes to express his appreciation to Dr. J. B. Park 
under whose direction the work was done, for valuable suggestions, 
and encouragement throughout the progress of the experim.ents. 
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THE EFFECTS OF FERTILIZERS ON THE YIELD AND THE 
EAR CHARACTERS OF CCNRN^ 

T. K. Wolfe2 

In recent years, a considerable amount of work has been done in 
studying the relation between ear characters of corn and 3deld. The 
bulk of the data indicates that there is little, if any, relation between 
most of the ear characters and ^deld. Since fertilizers often have a 
marked effect on yield of coin, it may be worth while to determine the 
effect of fertilizers on the ear characters as well as on the yield. In 
this paper, data are presented which show the effects of certain 
fertilizers on yield and on ear characters of coni. 

EXPERIMENTAL WORK 

The data presented in this paper were secured during the years 
1922 and 1923, from a 4-ycar rotation experiment of corn, wheat, 
grass and clover two years, which has been cf)nducted since 1909. 
The soil was Hagerstown silt loam and the fertilizers, as shown in 
Table i, were applied annualh^ 

The Silver King variety of corn was used and 200 ears were selected 
at random from each treatment. The method used in securing some 
of the ear characters ma}' need explanation. The characters, with 
exception of yield of shelled corn per acre, w^ere determined for each 
ear and the results as given in Table i are averages for the 200 ears. 
The \ield of shelled corn per acre was secured b\’ w'eighing the grain 
from the entire plat for each of the treatments. Each of the plats 
were ^ of an acre in size. The percentage of grain was calculated 
b^^ dividing the weight of shelled com by the wxight of grain and cob. 
The average circumferences of the ear and the cob W'cre obtained by 
averaging the butt and the tip circumferences. The taper factor, 
which denotes the cylindricity of the ear or the tendency of the ear to 
taper, was obtained by dividing the tip circumference of the ear by 
the butt circumference. The nearer the factor approaches unit}" the 
more cylindrical is the ear. 

The average length of kernel was found by subtracting the aver¬ 
age circumference of the cob (b) from the average circumference of 
the ear (a) and then using the formula a-b = 2 x r. In the equation, 
r is the length of the kernel. 

'Contribution from the Virginia Agricultural Experiment Station, Blacksburg, 
Va. Received for publication June 12, 1924. 

^Agronomist. 
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RESULTS OBTAINED 

In Table 1 , data are presented showing the effects of fertilizers on 
yield and on ear characters of com. 

Table I. The effects of fertilizers on the yield and the ear characters of corn, 
' 2-year average, IQ22-IQ23. 

Characters Treatmenta 


Weight of grain, gms ... 

Check 

... . 157.71 

N-K 

186.26 

p 

196.53 

N-P-K 

210.47 

M 

209.78 

Weight of cob, gms .... 

... 29.91 

32.68 

33.69 

35.76 

39.56 

Percentage of grain. 

. . .. 83.84 

84.82 

85.14 

85.29 

83.99 

Circumference of ear, in. . 
Circumference of cob, in 

. 6.04 

6.07 

6.24 

6.38 

6.36 

. 3-65 

3.76 

3.77 

3.«3 

3.89 

Taper factor 

.93 

.94 

.95 

.95 

.93 

Length of ear, in 

Length of kernel, in... . 

.. . 6.72 

6.98 

7.27 

7.35 

7.44 

• -. .359 

.376 

.391 

.406 

.397 

Number of rows 

. 15.05 

14.97 

15.22 

15.78 

15.91 

Yield of shelled corn per acre, bus. 28.50 

49.06 

56.23 

63.50 

63.81 


aln the treatments N means 308 pounds per acre of dried blood containing 
16 percent ammonia; P, 438 pounds of acid phosphate containing 16 percent 
PaOj; K, 100 pounds of muriate of potash, containing 50 percent KaO; and M, 
4 tons of stable manure. 

It may seem from Table i that the fertilizers used have increased 
the yield of corn very materially as compared with the check plat. 
Also, the fertilizers have, with one exception, made the ear characters 
more pronotmeed as compared with the check. The one exception is 
found in case of number of rows where the number is less for the 
nitrogen-potassium plat than for the check, but the difference is not 
great. In most instances the complete fertilizer gave nearly as good 
or better results than the stable manure. The stable manure supplied 
approximately 48 pounds each of nitrogen and potash and 24 pounds 
of phosphoric acid annually. The complete fertilizer supplied 40 
potmds of nitrogen, 70 pounds of phosphoric acid, and 50 pounds of 
potash. The complete fertilizer was more favorable in its effect on 
ear characters and yield than was acid phosphate. In case of acid 
phosphate the effects were superior to those produced by nitrogen and 
potassium in combination. With the exception of number of rows, 
and the difference is very small, nitrogen and potassium in combina¬ 
tion were more favorable in their effects than the check. 

It seems that the fertilizers which affect yield favorably also have 
a favorable effect on the ear characters. 
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RESEARCH FUNDAMENTAL TO THE SOLVING OF 
CROP-PLANT PROBLEMS’ 

Capleton R. Ball^ 

The purpose of the present s\mposium is to focus attention on some 
much needed lines of fundamental research in the field of botany 
and allied sciences. Progress in the production of crop plants now 
is greatly hampered by lack of more exact and intimate knowledge of 
the relationships, stnicture and functioning of the })lants themselves. 
The topics suggested for this symposium reflect the lines along which 
this knowledge of the more im])ortant croj.) i)lants is needed, namely, 
taxonomy and mycology, morphology, physiology, cytology, genetics 
biochemistry, and edaphics, or soil science. 

The writer previously has pointed out (i),® that the beginnings of 
recent and modern botany are found in the writings of the herbalists 
dating from about 1537. ^'hese men were concemed primarily with 
useful plants, chiefly cultivated. They amassed a great volume of 
information, interesting and fairly accurate, with regard to these 
plants. 

Modern descriptive botany^ dates from about the beginning of the 
18th centurv, or about 150 years after the herbalists had begun to 
produce their monumental works. The early descriptive or system¬ 
atic botanists, the precursors of modern taxonomists, treated of all 
plants which came within their ken. There was no distinction made 
between wild and cultivated species in the matter of botanic atten- 

Tntroduction to the symposium held under the joint auspices of Section 0 , 
Agriculture, of the American Association for the Advancement of Science, and 
the American Society of Agronomy, at Cincinnati, Ohio, on December 28, 1923. 

*Cerealist in charge, Office of Cereal Investigations, Bureau of Plant Industry, 
U. S. Department of Agriculture. 

^Reference by number is to “Literature Cited,“ p. 556. 
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tion given. Following them came the great and still existent array 
of 50-calIed pure botanists, who confined their attention almost 
wholly to wild species with coincident neglect of cultivated plants. 

The writer has speculated previously (i) as to the causes of this 
change. Perhaps it was due in part to developing means of trans¬ 
portation which enabled a much wider and more rapid outreach for 
material. This made an ever increasing number of wild species 
obtainable for study, both in their native haunts and in botanic 
gardens. Perhaps it was because most of the rapidly growing number 
of botanists could not afford to grow large numbers of species for 
study and so were compelled to study the self-propagated wild 
species. Perhaps it was due partly to the appeal to that weakness of 
human nature, the desire to see one’s name in print. Publication of 
new species gave the most ample opportunity then as now. Perhaps 
it was just a growing fashion, gaining adlicrents as other fashions do. 
Who knows? 

Wliat is known is that little further study of wild species was 
made by botanists. At the same time there developed gardeners and 
orchardists and farmers and physicians who began to study the cul¬ 
ture and utilization of domesticated plants. The. two groups have 
been independent and their paths divergent. 

The taxonomy of thousands of groups of wild plants has been the 
object of most painstaking study. More recently morphologists, 
histologists, geneticists, cytologists, physiologists, and ecologists 
have made most wonderful additions to the sum total of knowledge 
concerning wild ])lants. 

On the other hand, there has developed a very numerous arniy of 
men and w^omcn who are working with useful plants. These include 
agronomists, horticulturists, pomologists, nuciculturists, olericul- 
turists, sylviculturists, foresters and florists, not to mention path¬ 
ologists. Their prime concern has been with production, with 
masses of individuals rather than with individuals as such. Their 
object has been the acquisition of such knowledge as would result in 
increased pounds of starch, or protein, or oil, or fiber, or sugar, or total 
plant substance. Little attention has been given to the structure or 
function of these crop-plants. 

They have solved most of simple pioneer problems of the produc¬ 
tion of the plants with which they work. As they progress to the 
attack on more complex and fundamental problems they come face 
to face with the need for far greater knowledge of the plants them¬ 
selves. To find out what a plant will do is one thing. To find out 
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why it does so is quite a different thin^ and this is where the shock 
troops now are massed. 

From the ranks of agronomists, horticulturists, pathologists, and 
their associated utilitarists have developed some splendid workers in 
taxonomy, mycology, morphology, histology, cytology, genetics, 
])hysi(dogy and other ultimate and fundamental divisions of botany. 
With them are becoming associated in research on plant problems an 
equally fine corps of still narrower specialists primarily trained in 
these lines and paid by funds a])propriated for solving economic prob¬ 
lems in ]jlant production. 

1 'he ])rofessional botanists of America stand second to none in the 
wf>rld. The great endowed institutions for research in America have 
a personnel and laboratory equipment for botanical study which 
never has been excelled. Their contributions to j)ure botany, in¬ 
cluding taxonomy, mycology, mor])hology, histology, cytology 
genetics, physiology and ecology excite the admiration and the envy 
of the w’orkers wdth cro]) jilants. 

Why should not these two grouiis pool their resources and join 
hands in the solution of pressing ecoiKimic problems’" In another 
])lacc the writer (2) has yiointed out eight of the advantages resulting 
from the cooperation of different agencies in research The rea.sons 
givc-n were (i) saving the cost of organizing and iinancing separate 
attacks on a common probUmi; (2) making ])()ssible a comprehensive 
survey r)f the ]m)l:)lem and attack upon it; (3) enabling more prompt 
use h\ others of results gained by one group; (4) preventing waste of 
matcTial not needed at one point or by one worker; (5) avoiding 
danger of divided allegiance by a suiiporting constituency; (6) 
obtaining larger results from the investment and increasing total 
funds available; (7) increasing the cooperative spirit within each 
institution, and (8) enabling better utilization of talents of indi¬ 
vidual workers. 

In Scotland, vSmith (3), in a recently published presidential ad¬ 
dress, summarizes the situation and the opportunity in the following 
words: 

“This brief survey may suffice to emphasize that the progress t)f applied 
botany depends on the uUlizatuni of tlie latest researches of botany as a whole. 
Conversely, that the stimulus to further investigation in botany may come 
from the problems incidental to agriculture, forestry, and horticulture. Taxon¬ 
omy or systematic botany has raised men skilled in delecting the differences in 
varieties so essential in plant breeding. Plant physiology with its laboratory 
equipment has placed the understanding of plant nutrition and })lani response 
on a firm basis. Ecology, in its endeavours to ascertain the relation of plant to 
soil and climate by a study of the native plants, has led to a better concept of 
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the utilization of land for economic purposes. Mycology is saving millions 
sterling of crops *that might have been destroyed by fungus pests. The link¬ 
age of so-called 'practice and theory' should be self-evident, if there ever was 
any doubt about it. The past fifty years have seen ever-increasing speciali¬ 
zation in the various branches of botany, almost a separation of the schools. 
Yet the same period has seen the evolution of agricultural botany and other 
collateral branches of the parent botany, where the purpose is to join together 
link by link the facts bearing on the problems peculiar to the economic need.” 

Crop plants, in many cases, will furnish as excellent material for 
the thesis problems of graduate students, and of their professors, as 
will wild species. At the same time, these workers will feel that they 
are assisting in the solution of problems that directly affect the pros¬ 
perity of nations and the comfort and happiness of countless human 
lives. Increasing populations, without equally increasing land areas 
make necessary more abundant and more certain production from the 
acres now tilled. Progress in applied science waits on this more in¬ 
timate knowledge of our useful plants. No more inviting or worthy 
work awaits any who adventure into pure science. 
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la. TAXONOMY^ 

Carleton R. Ball- 

Two principal lines of taxonomic activity are needed to further our 
knowledge of crop plants. First, a monographing of those genera 
from which our crop plants have come or to which they are closely 
related. Second, the systematic comparison, description and classi¬ 
fication of the cultivated varieties and forms of our crop plants th^- 
selves. Notable progress has been made in both lines but it is only 
a start compared to what is needed. 

The study of the wild relatives of cultivated plants will require 
much time, effort, and expense. Well organized and well manned 

^Papei prepared for but not read at the symposium on “Research Fundamental to 
the Solving of Crop-plant Prob'ems” at the meeting of the Society held at Cin 
cinnati, Ohio, on December 28, 1923. Received for publication, September i, 
1924. 

*Cerealist in charge, Office of Cereal Investigations, Bureau of Plant Industry, 
U. S. Department of Agriculture. 
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exploring expeditions must search the hinterlands of the world for 
these related forms. 1'hey must be collected, assembled and grown. 
They must be studied and compared under different sets of environ¬ 
ing conditions. They must be described and classified and their de¬ 
gree of relationship to the cultivated forms made known. All this 
is properly the work of the trained botanist, assisted by the worker 
in economic lines. It will need to continue so long as the race endures 
and the needs of men increase. 

The proper taxonomic treatment of the myriads of varieties and 
strains of each of our numerous cultivated plants is a herculean task. 
It involves the assembling of enormous quantities of material from 
the four comers of the earth. It requires the growing and study of 
the assembled varieties under many different sets of environing con¬ 
ditions through a series of years. It demands the taking of com]:)lete 
descriptive records throughout the period of experiment. It necessi¬ 
tates considerable skill in interpreting these data and in constructing 
accurate, natural and usable keys to separate the resulting groups and 
varieties. Finally it obligates the use of a consistent code of varietal 
nomenclature and the resolving of the existing confusion of varietal 
names in accordance therewith. 

The assembling, com])arison, description and classification of cul¬ 
tivated varieties, on the other hand, is a task primarily for the agron¬ 
omist and horticulturist. The systematic botanist can assist but 
scarce!}^ can conduct such investigations, though the methods and 
language of the published result must be those he uses, with some mod- 
ificatiems. Those differences in form, structure, dimension and color 
which serve to separate species of wild plants are sufficient to sepa¬ 
rate only the varieties and strains of cultivated crops. 

The presence of such marked differences led the professional botan¬ 
ists of a century and more ago to apply a Latin nomenclature to va¬ 
rieties of plants cultivated. This is an abomination. It has imposed 
an altogether unnecessary burden on agronomists and horticulturists 
with no compensating benefits. In fact the practice has led many 
workers in economic lines into great misconception of the scope and 
function of taxonomy. It has deterred others from attempting such 
classifications of crop plants as the)^ were well prepared to under¬ 
take. 

The acquiring of a fuller knowledge of the varieties of plants used 
for economic purposes and of their wild relatives has received an 
enormous impetus recently from two distinct causes. First, the 
settling of new areas having new requirements of climate and soil 
demands new kinds of crop plants with different adaptations. Second, 
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the new science of genetics has shown how to combine the desirable 
characters of parents in the offspring resulting from crossing the 
parent plants. Pure science and applied science must unite to find or 
to produce the plants required. 

The writer has in preparation a comprehensive dicussion of this sub¬ 
ject. It will contain an analysis of the publications in this coimtry 
and abroad which have treated either the taxonomy of wild relatives 
of cultivated plants or the botanic comparison and classification of 
the varieties and forms of these cultivated plants themselves. This 
will involve reference to some himdreds of jmblications and is too ex¬ 
tensive for the purposes of the present symposium. It is sufficicJi t here 
to discuss briefly the ]3resent status of such work as has been done in 
America in the ]jast 50 years or thereabouts and to point out some of 
the major taxonomic in'oblems before plant investigators. 

Each of the major grou])s of croj) ])lants will be discussed separate¬ 
ly, as follows: cereals, forages, fibers, forests, fruits, vegetables, 
flowers, vSugar crops, oil crops and drug crops. It is realised that this 
is an incomplete and arbitrary grouping, but it should be sufficient¬ 
ly clear for the jjurposes of a brief summary. 

CEREAL CROl^S 

The description and classification of cereals, like most modern sys¬ 
tematic botany, dates from the classic work of Linne (20)'’* in 1753 
At that time he described several species of cultivated wheals and of 
both wild and cultivated oats and barley. A discussion of the jjrog- 
ress and the i)resent status of wheat (dassificatioji may be taken as 
fairly representative of that in the other major cereals. 

WHEAT 

Linne (2g) named 5 sj^ecies of wheat in 1753, the spring and winter 
forms of common wheat being con“ 5 idered two distinct species. Lam¬ 
arck (28) in 1786 corrected this error and erected the new specific 
name sativun for the common wheats, 8eringe (50) in 1819, treating 
of common and club wheats, probably was the first to discuss agro¬ 
nomic varieties. 

Many other authors expanded the numbers of groups and varie¬ 
ties recognized in the half century that followed. In 1866, Alefeld (2) 
separated the cultivated wheats into several subspecies and numerous 
varietal groups, Jbo each of which a Latin name was ai)plied. Koer- 
nicke (25) in 1873, and Koernicke and Werner (26) in their classic 
two-volume work in 1885, expanded Alefeld’s plan extensively, both 

^Reference by number is to “Literature Cited,” page 563. 
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as to Latin nomenclature and discussion and description of agronomic 
varieties. They named and keyed 150 groups of varieties and de¬ 
scribed the varieties themselves in detail, with history and synonymy. 
Since then much similar work has been done in India, Australia and 
Russia. 

American authors began to describe wheat varieties fully 80 years 
ago and to attempt to classify them 65 years ago. With the excep¬ 
tion of Carleton (10), they uniformly omitted the Latin nomenclature 
featured by Old World writers. Todd, in 1868 (56) made the sug¬ 
gestion that the Government straighten out varietal confusion and 
establish an intelligible description of each variety. This was done 
54 years laler when Clark, Martin and Ball (iij in 1922 imblished 
their classification of American wheats, in which about 230 recognized 
commercial varieties of the United vStates and Canada were fully de¬ 
scribed and keyed. After se]>arating the wheats into the recognized 
commerc'ial and bc)tanical groups, common wheats, durum wheats, etc. 
the varieties are separated by use of the following characters in order 
(»f dc‘scending imjjortance, namely awns, glume pubescence, glume 
color, kernel color, kernel size, kernel hardness, sea^mal habit, spike 
sha])e, etc*. The Latin nomenclature is not used thougli it is givcm in 
])arentheses in the keys for tlie sake of workcTS abroad who ma\' be 
accustomed to it. 

One large and c'onlinning ])roblem is to detc'rmine the origin and 
identity of new wheals ap])earing in commercial ('ulture and tc^ fit 
them to their [)lace in the classification. Another ])roblem is to de¬ 
termine the influence of environment on color of stem tind glumes, on 
jnibescence, on density of sjhke and on hardness of kernel. 

Thc're has not been much study of llie wild relath’cs of wheat 1 »ec'ause 
these arc com])arativel\^ few and onl>' distantly related. Some study 
has bec'n made of species of . Ic^ilops and more is needed. Aaronsohn 
(1) and Cook (14) liave written about the so-called “wild wheat” of 
Palestine, regally a ])rimitive emmer. A thorough survey of the ex¬ 
tensive regions of early and long-continued cnilture of cereals is needed. 
These ('over the Balkan States, Asia Minor. South Russia, Syria, 
Mesopotamia, the Caucasus,Chinese Turkestan and Persia, and include 
all the new States founded in that region as a result of tlie World War. 
This survey should discover all primitive forms of cerc'als under cul¬ 
tivation and any wild relative still existent there. 

OATS AND HARLEY 

The histc^ry of the taxonomic treatment of oats and barley is al¬ 
most identical with that of wheat. In many cases the same writers 
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worked with all three crops. The chief major difference is that there 
are many: wild species of both Avena and Hordeum. In the case of 
Avena CvSpecially, these are very closely related to the cultivated spe¬ 
cies or subspecies, of which they usually are held to be the progenitors. 
The wild barleys are less closely related to the cultivated, though Pam- 
mel, Ball and Scribner (37, p. 335-37, fig. 237) have reported an ob¬ 
scure wild species, Hordeum pammeli Scribner and Ball, of the Upper 
Mississippi Valley, which is very suggestive of the cultivated H. vil- 
gare hexastichon. 

The chief contributions to classifications of oats and barley in this 
coimtry are Etheridge (15) on oats and Harlan (16, 17) and Wiggans 
(59) on barley. 

The chief problem in the taxonomy of oats is the intensive study 
of the characters of the wild and supposedly wild species to determine 
their respective origins and limits, and their relationships to each other 
and to the cultivated oats. A similar study of cultivated oats is 
needed to determine origins and relationships and the cause of such 
common abnormalities as the so-called 'Tal.se wild” forms. 

FORiXGE CROPS 

The two chief groups of forages are grasses (Gramiyteae or Poaceae) 
and legumes {Legumtnosac or Papilionaceac). In addition, there arc 
special forage uses made of such diverse groups of ]>lants as cacti 
{Cactaceae), saltbushes {AtriplexoiChenopodiaceae), sunflowers (Hel- 
ianthus of Compositae)^ and others, as well as various root crops. 

, LECil'MES 

Leguminous plants are found throughout the world and a very 
large number of genera contribute to the hay and pasture resources 
of different continents. Much painstaking study has been given t(; 
both cultivated and wild species and their varieties. Within the lim¬ 
its of this paper it is possible only to mention a few outstanding Amer¬ 
ican examples of both classes. 

Piper (39, 44) and Piper and Morse (45) have discussed the botany 
of numerous Leguminosae. McKee (31), McKee and Ricker(32)’, 
Oakley and Gaiver (34), Oakley and Westover (35), and Scofield{49) 
have contributed to our knowledge of alfalfa and other members of 
the genus Medicago. Kennedy (23, 24) and McDermott (30) have 
studied Trifolium. Coe (12), Pieters and Kephart (38) and Wilkins 
(62) have studied sweet clovers, while Schulz (48) in Germany has 
monographed Melilotus. Piper (40,41) and Wight (60) have 

studied the cowpea and other members of the genus Vigna. Ball (4), 
Piper {42), and Piper and Moi'se (46) have classified and described 
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American soybean varieties. Bort (8), Piper (43), and Piper and 
Tracy (47) have studied the botany of the velvet beans {Stizolo- 
bium spp). 

The principal problems in the legumes are exactly those in other 
groups, like the cereals, namely a much better knowledge of characters 
as indications of relationships. As most legumes have been domes¬ 
ticated with relatively little change of form, it follows that an exten¬ 
sive study of wild legumes is likely to be well repaid. Further study 
of the species and varieties domesticated in other parts of the earth 
also is a promising field. Continued description and classification of 
the rapidly increasing number of domestic varieties, especially in 
cowpeas and soybeans, is imperative. 

GRASSES FOR HAY, PASTURE, AND Tl RF 

A very large proportion of the total quantity of grass hay and pas¬ 
turage of the world is obtained from uncultivated species. In the 
United States, members of the genera Agropyron, Agrosiis, Boute- 
loua, Festuia and Poc arc abundantly used in the wild state and some 
species are cultivated widely. Of other genera such as Andropogon, 
Btdbilis, Cynodon, Dactylis, Lolium and Phleum, only a few species 
occur. Of Bromus, Elymus, Panicum and Paspalum there are many 
s])ecies but few are utilized. The wild and the cultivated species, 
both native and introduced, have been studied extensi\'ely by botan¬ 
ists and are treated both in manuals and in monographs of special 
gr<iups or genera. 

1'he chief ])roblcm in grasses is to study their characters so inten¬ 
sively that the particular features Avhich make one species valuable 
and closely related ones relatively valueless may be made known and 
adequate and accurate descriptions and ke\'s for sej^arating them be 
constructed so that agronomists as well as professional botanists may 
know' them. 

FIBER, SUGAR, OIL, AND DRVG CROPS 

Space lacks here to discuss W'hat has been done in the study and 
classification of cotton, flax and other fiber plants, in sugar cane and 
sugar beets, in flax, sesame, and mustards, in cacao, coffee, hops, 
mints, and tobacco and the wild species closely related to them. Treat¬ 
ment of these is reserved for the fuller paper to follow. The problems 
of varietal description and classification and of study of wild relatives 
are the same as in other groups of crop plants. 

FOREST CROPS 

Taxonomic treatments of the plants useful in furnishing lumber 
and other forest products are exceedingly abundant and need not be 
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cited here. The different condition in forestry is due to the fact that 
nearly all the species are utilized in the wild rather than in the culti¬ 
vated state. All manuals of botany, therefore, and all monographs of 
families, genera, or other taxonomic groups, are actual treatments of 
the plants utilized and of the wild relatives of such few as may be 
cultivated. Relatively much more is known of the botany of the use¬ 
ful trees, therefore, than of any other division of economic plants, 
not even excepting grasses. 

FRUIT CROPS 

Horticulture is an older art than agronomy. In some ways also 
it made an earlier advance in the last 40 years of intensive experi¬ 
mentation on cro]j ])lants. We might expect, therefore, to find the 
comparison and classification of fruit cro])s further advanced than 
that of field crops. 

Budd and Hansen (9) in 1903 and Beach, Booth and Taylor (6) 
in their comprehensive treatment of the apples of New York, in j()04, 
have described and classified apj^le varieties. More recently Shaw 
(51) has determined that leaf chara('ters, esi)ecially serration, may 
be used in sejjarating varieties. 

Several writers have pro])osed classifications of peaches. Onder- 
donk (36) developed one of the earliest and Hedrick and his associates 
(20) the latest and most comj)rehensive. 

More study has been given to plums and eh(‘n*ies thcin to other 
groups of fruits by American authors because so many of the former 
have been derived from native s[)ecies. Bailet’ (3), Willard and Bai- 
ley (63), and more recently Hedrick and his associates (18) have class¬ 
ified and described the cultivated plums and Hedrick and his asso¬ 
ciates (19) the cultivated cherries. Mason (33) has studied and de¬ 
scribed the southwestern species of Pmnub most closch^ related to the 
peaches and almonds, while Wight (61) has given more attention to 
those representing the plums and cherries. 

In the study of the citrus fruits, Swingle (53, 54, 55) has been one 
of the most consistent advocates of intensive research on wild rela¬ 
tives and has jmblished extensively along this line. The papers cited 
are but a sample of those published. Hume (21) and Coit (13) have 
discussed the origin and botanical relationshi])s of the several species 
of Citrus represented in cultivation in America. 

Other writers have given attention to the taxonomy of the avocado, 
banana, cocoanut, date, fig, grape, mango, olive, pear, xjersimmon and 
pineapple, while still others have presented similar treatments of such 
small fruits as blackberries, raspberries and currants and their wild 
relatives. 
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VEGETABLE CROPS 

In this group, derived mostly from commercial sources of supi)ly, 
the numbers of named varieties run riot. Many such species are 
cultivated for their leaves (cabbage and related plants, cress, lettuce, 
spinach, etc.), or their roots (beet, carrot, parsnip, sweet iX)lato, tur¬ 
nip, etc.), or bulbs (onion), or tubers (potato, artichoke). This has 
led to extreme diversity of form, si^e, color, and structure of these 
organs. vStill othets aie growm for their seeds (beans, peas), or their 
fruits (cucurbits, egg ])lants, tomato),and the diversity is ai)i)arent 
in thc‘se structures. 

Some good w(jrk has ])een done in this diflicult field. Sufficient 
here to mention the classifications of the potato by Kohler (27) and 
Stuart (52); of beans by Jaivis (22) of C'ornell and Tracy (57), and 
of lettiK'c b\’ Tracy, Jr (5<S). 

The jirobkms here have to do with numerous A\arieties of the do- 
meMi('ated ])lant rather than with wild relatives, though these never 
can be neglected vith saf(‘ty. 

FL( )\VJCRS 

Again space lacks for more than mere mention of the work of the 
New \'ork Cornell Station, where Butchelfir (5) has clas,silied the 
jieony, and Beal (7) the sweet ])ea Several others have jniblished 
on these flowers. 
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lb. TAXONOMY AND MYCOLOGY^ 

C. L. Shear- 

This subject may not appear at first thought to have an\' very 
important relation to agronomy. However, it is not diffic'ult to show 
that the taxonomy of the fungi has close relations to many of the 
economic problems connected with agriculture and horticulture and 
that everyone who has anything to do with fimgi in any of their 
scientific or economic relations should realize the importance of this 
subject. It is also desirable, in these days of extreme specialization, 
to stop occasionally to consider more carefully the interrelations of 
the different branches of botanical science, both pure and a])])lied. 

The fundamental meaning of the word taxonomy is, of c:ourse, 
orderly arrangement To the pre-Darvhnian scientists, it meant an 
attemi)t to discover, describe and arrange living organivsms according 
to the supposed order of special creation, the belief being that each 
species was created separately by omnipotent edict and was clearly 
divStinct from all other species. ’Since the general acceptance by 
biologists of the origin of living organisms by evolution and their 
descent by natural processes from more ancient forms, taxonomy^ has 
come to helve a very different significance and outlook. The ]jresent 
ideal and aim of taxonomy is to distinguish and describe the various 
groups of living organsims, and to discover and expre«?s in a systematic 
and orderly manner their natural relationships; in other words, to 
determine the phylogeny of the groups. In order to approximate this 
end, it should need but little argument to show that there is scarcely 

^Paper read as a part of the symposium on “Research Fundamental to the 
Solving of Crop-plant Problems," at the meeting of the Society held in Cin¬ 
cinnati, Ohio, December 28, 1923. 

^Pathologist, Bureau of Plant Industry, U. S. Department of Agriculture, 
Washington, D. C. 



shear: taxonomy and mycology 


567 


any information available or obtainable in regard to plants and 
plant life that has not a more or less direct bearing upon taxonomy. 
It naturally follows, therefore, that the qualifications for successful 
taxonomic work are very broad, and that the taxonomist should be 
able to avail himself of the knowledge acquired not only by mor¬ 
phologists but also by cytologists, physiologists, ecologists, and 
anatomists. Morphf)logy has usually been regarded as the founda¬ 
tion of taxonomy. In recent years, however, there has been a ten¬ 
dency to base segregation of species also on jjhysiological characters. 
This, as we shall attempt to show later, is not a satisfactory method 
of segregating groups of specific rank. 

Coming now to the particular branch of the subject which I have 
been asked to discuss, i. e., taxonomy of fungi, I shall attempt to 
indicate some of its relations to economic botany and to all those 
workers with jjlants who come in contact w'ith fungi in any of their 
investigations The taxonomist should ])rovide the identification of 
any fungus to which one may have occasion to refer, and also a name 
which will be recognized by the mycologists and i)ath(;logists of the 
world, and the application of which will be certain, i e , a name which 
will not signify different things to difi'erent ])eoi)le or to ])eo])le in 
different ]daces, as is now frequently the case. The name should also 
have stability, i. e., it should not be changed later, so as to require 
the learning of a new name for the same plant, except for very weighty 
and important reasons. It is self-evident that, unless (wery one uses 
the same name for the same plant, and the same technical tenns, 
error and confusion rather than truth and clarit\', must result. 

Pathologists, physiologists, and geneticists frequently find it 
necessary to deal with fungi, and, unless they know with certainty 
the organisms with which they are working and have names for them 
by which they are clearly and definite!}' kn<nvn to others, there can 
be no a])plication or coordination of the facts or results of their work. 
Many cases illustrating this might be cited from recent literature. 
Physiological investigators in particular frequently carry out elab¬ 
orate ex])criments with fungi, to wdiich the}^ apjily names w^hich 
have no w’cll-established or definite application, and tvhich it is im¬ 
possible for other investigators to identify wdth certainty. Their 
results, therefore, cannot be verified or coordinated wdth those of 
other w^orkers wdio may have nominally used the same organism, but 
really did use something quite different. This is frequently true 
also of the work of geneticists and pathologists who refer, by un¬ 
certain names, to organisms with which they are dealing, so that 
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their cplleagues, or future workers, can not determine with any 
certainty what they really had or verify their results. 

In this connection, it is necessary to admit that, in the present 
state of knowledge of the fungi, and in the more or less chaotic con¬ 
dition of our nomenclature, it is in many instances impossible to 
name an organism with the certainty that this name will be correctly 
understood and applied by other workers. It is, therefore, necessary 
at present that all investigators who are working with particular 
fungi should describe and illustrate in detail the organisms with 
which they deal, and also deposit specimens, or cultures, or both, in 
the principal mycological herbaria of the world, in order that other 
workers may ascertain with certainty just what organism they used. 

The recognition of this deplorable condition of affairs in myco¬ 
logical taxonomy and nomenclature should elicit the interest and 
cooperation of all groups of botanists m in attempt to improve these 
conditions as soon as possible. 

At present, taxonomy is largely neglected and left to the inex¬ 
perienced and incompetent. It is no wonder that it is in disrepute, 
when so-called “new” genera and species are named and imperfectly 
described in large numbers by those who have no conception of the 
qualifications of a taxonomist, and have very scanty knowledge of the 
species and genera already described. 

It is easier to indicate what mycological taxonomy could and 
should do for pure and applied botany, than to point out what it has 
done or is doing. Some of the assistance which it should render to 
pathologists, physiologists, ecologists, and geneticists may be briefly 
indicated. 

The relation of .mycology to plant pathology is so intimate that it 
has been and still is difficult to separate the two. Fince the majority 
of plant diseases are due to parasitic fungi, phytopathology consists 
chiefly of physiological mycology, and, in Europe, plant pathological 
W'ork is frequently termed economic mycology^ Hence, the ])lant 
pathologist should have a broad general knowledge of mycology and 
since, in .most instances, he cannot devote the necessary time and 
study to the taxonomy of the organism with which he deals, he should 
be able to obtain from the systematic mycologist the correct name 
and s3monomy of the fungus with which he is working. Ctherwdse, 
his work cannot be correctly interpreted by other investigators and 
may lead to serious misunderstanding. 

The great importance of an exact knowledge of the identity and 
synonymy of fungi is especially emphasized in connection with the 
occurrence and distribution of serious plant parasites; such, for 
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example, as the chestnut blight fungus, the w^hite pine blister rust and 
the citrus canker organism and others. Until it was demonstrated by 
taxonomic investigations that the chestnut blight fimgus, Endothia 
parasitica, was a different species from any heretofore found in this 
country; and that it was also different from any species occurring in 
Europe; but that it was identical with a fungus occurring in China 
and Japan, no one was able to understand its distribution and be¬ 
havior, and to tell in what direction to look for chestnut trees which 
were most likely to be resistant or immune to the disease and to take 
steps to avoid its introduction into other countries. 

In this connection, attention should be called to the great im¬ 
portance of a systematic knowledge of fimgi in connection with 
quarantine, inspection and other efforts to prevent the introduction of 
dangerous parasites into different countries. In order to attack these 
problems intelligently, it is necessary to know what species of ftmgi 
occur in each countr^^ and also to know their s^Tionymy. Otherwise, 
a very serioias parasite might be introduced under a mistaken name, or 
under the su])position that it is already present in the country. Some 
(ff our most serious fungus diseases and pests have been introduced 
from the Orient and from a knowledge of the close rclationshi]) of the 
flora of some parts of that region to that of the eastern United States, 
one is justified in the belief that there are many fungus parasites there 
which have as great potentiality for damage to American crops and 
forests as those which have been introduced already. Hence, it is 
of the greatest importance to agriculture and forestry that a thorough 
survey of the diseases and fungi of that l)^lrt of the world be made as 
soon as pctssiblc, in order to secure the information necessary to 
protect American croi)S as far as ])racticable from other devastating 
epidemics (ff plant disease. 

The information which has just been mentioned in connection with 
the work of pathologists is equally, if not more, imi)ortant in con¬ 
nection with ecological work with the fungi. Unless the fungi in 
different localities and regions are accurately detennined and correct¬ 
ly named, there can be no conclusions of any value drawn from a 
study and comparison of such fungus floras as to distribution, occur¬ 
rence, or other ecological relations. 

In the case of the investigations of geneticists and i)hysiologists, 
still more accurate and exact data in regard to the taxonomy and 
relationships of the organisms investigated is necessary. This leads 
to a consideration of a phase of the subject which is perhaps as well 
discussed here as elsewhere. 

The taxonomy of fungi presents some rather distinct problems and 
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difficulties which are not met with in the taxonomy of flowering 
plants. ' It has been shown frequently in recent years that fungi 
which apparently show the same morphological.characters, so far as 
our present knowledge goes, may show quite different physiological 
characters when tested as to pathogenicity or reaction to different 
culture media, temperature, moisture, or other environmental or 
nutritive conditions. These physiological peculiarities are apparent¬ 
ly, in many cases at least, of a constant and permanent character, 
and are frequently of much importance in connection with pathological 
and physiological investigations, and it is necessary to designate 
them in some way. The recognition of these facts seems to demon¬ 
strate the need of two categories of names. 

First; a name is needed for the general pur})oses of mycologists, 
economic botanists, and others who have no very special interset in 
fungi. This classification should be based primarily upon mor¬ 
phological characters which can be distinguished with reasonable 
certainty by ordinar}" macroscopic and microscopic examination. 
In order to avoid confusion, the term “species” should be applied 
only to such groups of individuals as can be distinguished by mor¬ 
phological characters. This is the w'ay in which the term has been 
rather consistently used, from Linnaeus' time to the present day. 
It has been suggested however, that the term sjiecies should be re¬ 
defined and applied to so-called elementary species, or races, or 
strains, which have been found to exist among flowering plants as 
well as fungi. There seems to be nothing to be gained, and a great 
deal to be lost, by attempting to ap])ly a well-established and well- 
imderstood term like this to an entirely different thing. 

Second; for the groups of organisms which are characterized by 
physiological differences only, and which can be determined only by 
careful inoculation or cultural studies, a special nomenclature is 
needed. Various plans and forms of designation for such groups 
have been suggested, but none generally accepted and adopted. 
After having considered this subject rather carefully, as well as the 
various proposals which have been offered, I believe that the follow¬ 
ing will meet the requirements of accuracy, simplicity and con¬ 
venience in the naming of varieties and races, or strains, of fungi. 
It is now recognized that there are different degrees of physio¬ 
logical differences in these organisms, and it is difficult to say 
whether it is practicable or desirable to try to distinguish all such by 
particular names or symbols. I am inclined to believe that, for 
present purposes, two categories should be sufficient; variety, and 
race or strain. Since it is desirable, however, to recognize morpho- 
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logical varieties as well as i)hysiological varieties, these two cate¬ 
gories of varieties might be kept separate without difficulty by adding 
the abbreviation Vp. or P., after the trinomial to indicate the phy¬ 
siological variety. For strains of these varieties which show distinct 
host or other jihysiological reactions, arabic numerals would be 
simplest. 

Take for example, the stem rust of wheat, the various strains,'"^ 
or so-called “biologic forms,*’ might be designated as follows: Puc- 
cinia grmninis Puccinia graminis iriiici", etc If it is necessar\^ 

to indicate vStill greater diiTerentiation letters may be used, e. g., 
Puccinia graminis triiici a. 

To express or to make intelligible and useful any system of tax¬ 
onomy, there must be some form of nomenclature. The essential 
features of nomenclatiire are accuracy, uniformity, stability, and 
convenience. By accuracy, is meant the correct and exact use of a 
name for a ])articular organism or grouj) of organisms, and not 
necessarily descriptive accuracy as to the literal meaning of the words 
composing the name. Accniracy in the ap])lication of a name is of 
fundamental im])ortance, as there should V)e no imcertainty as to 
the organism or grouj) of organisms to which any ])articular binomial 
a])plies. In order to accomplish this, it is absolutely necessar\' to 
have available something more than descri])tions or illustrations for 
use in identification, even though these be in detail and exact; as 
there is always more or less difficult}^ and danger of eiTor in deter¬ 
mining jjlants from descri])tions and illustrations. It is, therefore, 
necessary, in order to ajijily a name to a specific organism and to be as 
certain as ])ossible that it is correctly aj)j)lied, lhat there be available 
for comparison type or authentic material of the plant named In 
order to make this possible, all systematic l)otanists who are describing 
now genera or species of jilants should deposit jiortions of the material 
upon which the descriptions are based in several large and accessable 
herbaria in difTerent parts of the world, so that other taxonomists 
may be able to compare and determine their collections with reason¬ 
able certaint}'. The i)ractice of basing descrii)tions and names of so- 
called new species uj)on a single specimen, or upon a very small 

®In this connection the following resolution was unanimously adopted on 
December 31, i<)23, by the American Phytopathological Society at its Cincinnati 
meeting, after a full discussion of the subject: “It is the sense of t his meeting that 
we continue to recognize species on morphological grounds and that if we recog¬ 
nize varieties in fungi we recognize them on morphological grounds; that we 
designate the entities which are recognized b^'^ i)hysiological specialization as 
physiological races and that we recognize one category of physiological speciali¬ 
zation and that scientific names be not attached to these except where historical 
precedent or dire necessity requires." 
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quantity of poor material, should be avoided and disapproved by all 
who are interested in taxonomy or in the true progress of science. 
In the future, names based on scanty or poor material, specimens 
of which are not available or readily accessable in several herbaria, 
should not be entitled to recognition or adoption, except perhaps in 
special cases where it is shown that the advancement of science makes 
this desirable. 

Scientists, least of all, can offer any justification for publishing 
matter which will impede rather than advance science. 

Uniformity in nomenclature or in the application of names can 
only be attained by the general adoption and use of the same name 
by all the botanists. Notwithstanding the many efforts which have 
been made during the past hundred years to formulate rules and 
regulations for the purpose of securing uniformity, this desirable end is 
far from having been attained. There is at present little uniformity, ^ 
and no general agreement as to how such an end is to be reached. 
As a result of the failure thus far to secure the desired end through 
past or present plans, it may be necessary to adopt some other 
method. In this connection it may be proper to ask why i)ast efforts 
have failed. The majority of botanists and others who need to use 
scientific names, with the exception of the few sj^ecial students of 
systematic botany, regard convenience and stability as of funda¬ 
mental importance in nomenclature. It would a])pear that they are 
justified in their position and also that a satisfactory degree of con¬ 
venience and stability can be secured without sacrificing any of the 
other essentials. The morphologist, physiologist, ecologist, cytologist 
or anatomist having been taught, for example, that Agemetis cant- 
pestris signifies the common edible mushroom, docs not care to dis¬ 
card this name and to be required to learn to recognize or refer to it 
under some entirely different binomial. The specialist in systematic 
mycology cannot justify himself in attempting to displace such a 
well-lcnown name without giving really importiuit and satisfactc^iy^ 
reasons for so doing. This raises the question whether the reasons 
which have heretofore been given for the multitudinous changes of 
botanical names are sufficient to justify the time and trouble caused 
thereby. In any case, the proposed end has not been attained and 
this would seem to be the final criterion. From a purely academic, or 
logical, point of view, ''priority of publication’' may be maintained 
as the so-called fundamental principle of nomenclature; but when 
practical considerations, such as convenience, uniformity, usefulness, 
and the best interests of botany and the advancement of science are 
onsidered, all other considerations are entirely outweighed. The 
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principle of priority has been thoroug^hly tried and found wanting. 
As a result of over thirty years study, observation, and experience in 
this subject, I am convinced that it is impracticable and should be 
abandoned as a fundamental consideration. 

If priority as a fundamental principle is to be abandoned in the 
selection of botanical names, it will, of course, be asked immediately 
what basis is left? My answer is usage. The immediate response to 
this will be, of course, that usage is too imcertain and indefinite and 
can not be satisfactorily determined or defined. In reply I would say 
that I believe that it could be satisfactorily settled for all practical 
purposes, so far as the ftmgi are concerned, by a representative and 
competent cc^mmission of expert mycologists. This commission 
could decide what, in their judgment, is the best UvSage in the appli¬ 
cation of generic and specific names, and assign to each genus a type 
species, and to each species a particular specimen or specimens which 
would fix, for all future time, the primary’ application of these names 
without sj^ecial reference to their s\’non>’my or earlier use. 

Questions of s>Tionymy arc important to taxonomists, and fre¬ 
quently to other specialists, and should be thoroughly worked out by 
monographers as rapidly as possible. The discovery, however, of an 
older specific or generic name in the synonymy of any species should 
not justify the changing of any name which is well known and has 
been typified. I am thoroughly convinced, as a result of experience, 
that the time and labor involved in attempting to determine fully the 
S3mon>my of all the species of fungi (there being named at present 
between 80,000 and 100,000 so-called “species”) before being able to 
determine what name should be used and in persuading mycologists, 
let alone others, to adopt these strange names, is so great as to be 
absolutely unjustifiable and impracticable. To attempt it would 
mean a continuous state of confusion and change in the names of 
fimgi for centuries to come. I believe that a thoroughly satisfactory 
system of names could be selected and adopted on the basis above 
suggested, with the least loss of time, labor, and inconvenience on 
the part of mycologists, as well as of all others who need to use Latin 
names. 

The plan which I have proposed is in reality only an attempt to 
secure in a simple and unprejudiced manner what was the supposed 
purpose of the list of nomena conservanda of the Vienna congress. 
The trouble with the Vienna list was that it did not represent in¬ 
ternational usage and was not carefully prepared and considered by a 
competent body and did not provide for fixing the application of the 
names by assigning particular type species and specimens. Without 
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fixing the names chosen by the assignments of types there will still be 
little hope of attaining any satisfactory degree of uniformity or 
stability in the names of fungi. 

Of course, it goes without saying that systematic botanists will 
never agree entirely as to the delimitation of species and genera; 
since, in the present state of knowledge, these are largely mental 
concepts and, therefore, necessarily differ according to the experience 
and mental characteristics of different taxonomists, I believe, 
however, that species and genera do exist, and that when sufficiently 
thorough and extensive field studies and abundant collections of 
fungi have been made, it will be possible to segregate these groups 
with considerable certainty; but, if species are described on the basis 
of a small scrap of a single individual, or of only one or two indi¬ 
viduals, the author’s idea of the sjiecies must necessarily be largely a 
mental conc'eiit. If, however, new names are based (as they should 
be) upon a broad field and herbarium study of many indiA’iduals, 
there is the possibility of giving a fair description of the characters of 
the group of individuals constituting the species. If descriptive 
mycology is to be regarded as a .s])ort, as it apparently is by some 
persons, it should at least be more largely an outdoor sport. 

The difficulties in the taxonomy of the fungi are much greater 
than those connected with the taxonomy of flowering plants. 1'his 
is due not only to their vast number, small size, and niicroscopic 
characters; but also to the fact that most of them are dimorphic or 
pleomorphic; i. they produce two or more forms of fructifleation 
during their life history. Therefore, until the life history of each 
species is known, and its different spore forms described, it is im¬ 
possible to determine its identity or relationship with any degree of 
satisfaction. C'onsequently it will be neceSvSary, for a long time to 
come, to have a dual or triplo system of nomenclature for many 
species, i. e., a separate binomial name for the conidial stage, the 
pycnial stage, and the perfect stage, as the connection between 
these stages must be determined by pure culture studies before, all 
the stages can be combined under one name. 

Having indicated in this imperfect way some of the vast problems 
and difficulties which confront the taxonomist in mycology, I trust 
that I have justified my attempt to enlist your interest and support in 
the advancement of this subject, in order that it may be pursued and 
developed in such a manner as to be of the greatest service to science 
in general, as well as to economic botany and agriculture. If science 
is to make the rapid progress which it should make and to give man¬ 
kind the great benefits to which it is justly entitled, it must be through 
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greater cooperation, more disinterested service, and greater breadth of 
vision and interest among its devotees throughout the world. 

APPENDIX 

The following mycological subjects are of ftmdamcntal importance 
to plant pathology as well as to taxonomy and other phases of botan¬ 
ical investigation and are greatly in need of study: 

Life history studies (^f all ascomycetes which cause or are associated 
with plant disease. 

Monograjjhic studies of the various genera of pathogenic ftmgi 
and the determination of their life histories and geographic distri¬ 
bution. The following genera may be suggested: Pythium, MucoVy 
Fiisariuniy Gnomonia, GlomercUay Diaporthe, Pleospora, Mycosphae- 
rella, Physalosponiy iuid fjoiryosphaericu There are, however, many 
others of perhaps equal importance. 

There are still man}’ rusts whose life histories need to be discovered. 

A thorough stud}' of entomogenous fungi is also needed, as such 
work may lead to practical results in the control of insect pests. 

Thorough taxonomic* and life history studies of the fungous para¬ 
sites of man and ihe lower animals are of great im])ortancc and much 
needed. 
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2 . MORPHOLOGY! 

R. A. Oakley^ 

After making a careful study of agronomists and their work, one is 
forced to the conclusion that there is a lack of appreciation of the need 
for more critical botanical studies, if problems relating to the culture 
of our crop-plants are to be solved most completely and advantageous¬ 
ly. Frankly, the implication this conclusion carries with it is that 
agronomists as a group are not highly qualified botanists. If they had 
better botanical training, they would have greater predilections for 
botanical investigations, and the results would be evidenced in their 
work. There is much to be said with regard to the weaknesses in the 
teaching of botany in the undergraduate courses, in the undergraduate 
curricula in our agricultural colleges, and in the text books. These 
have a large share of responsibility for the agronomist’s deficiency in 
botanical training and viewpoint. Their discussion, however, is 
somewhat beside the present subject. Certainly it is impossible to go 
back and correct the jiedagogical faults of five or ten or twenty years 
ago; but it would appear quite profitable to try to enthuse agron¬ 
omists with the merits of botanical research as a fundamental aid to 
them in their work. 

It would be difficult indeed to evaluate fairly the relative impor¬ 
tance to the subject of agronomy of the application of the various 
branches of botan}". These branches arc so closely interrelated as to 
make a clear cut separate evaluation of each them nearly impossible. 
However, it is evident that the application of any one of them is 
helpful. In the field of agronomy, as elsewhere in science, there is a 
distinct need for any agency that offers promise of help in the solution 
of the problems that confront the investigator. It is intended here to 
point out some ways in which research in morphology may be help¬ 
ful, not only in a constructive way by suggesting new methods, but 
also by upsetting erroneous conclUvSions without going so far as to 
suggest other conclusions or new methods to replace old ones that it 
may prove faulty. The help derived from it may be immediate, 
potential, or even quite remote, but the knowledge gained is an ad¬ 
vantage in itself, in that it fosters an inquisitive spirit. Possibly, as 
good a way as any to show the fundamental importance of mor¬ 
phological research to the solution of crop-plant problems, is to cite 

^Paper read as a part of the symposixun on “Research Fundamental to the 
Solving of Crop-plant Problems, “ at the meeting of the Society held in Cin- 
cinnatti, Ohio, December 28, 1923. 

^Agronomist, Forage-crop Investigations, Bureau of Plant Industry, U. S. 
Department of Agriculture, Washin^on, D. C. 
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specific advantages that may be expected from it. In doing so, no 
attempt will be made to arrange them in the order of their importance 
or to mention all the advantages that are well worth considering. 
So far as possible, the advantages cited will be accompanied by 
specific illustrations, taken from the results of relatively recent 
studies. It is hoped that these illustrations will arouse such interest 
that the investigator who hears or reads them will be encouraged to 
go out and start investigations of his ov^m. The writer asks pardon for 
confining his choice of illustrations largely to forage crops and turf- 
fonning grasses, but it is with these plants that he has worked and 
naturally is most familiar, and, after all, as Kipling says, 'The 
things you learn from the yellow and black help you a lot with the 
white.” 

The study of the form and structure of crop-plants and their 
organs, and the development of the whole individual i)lant and its 
parts, is one which every true agronomist conducts, either by approved 
botanical methods, or in a casual offhand way. Casual observa¬ 
tions are useful, but it is the critical studies that are needed. If some 
botanists had substituted the critical for the casual in their methods 
of study, text books and other botanical publications would be vastly 
more useful to agronomists than they are today. 

Botanists have said that one of the most ianportant advantages in 
morphological study lies in the fact that by means of it the variously 
formed parts of even the most highly differentiated plants may be 
traced back to the few primitive forms; furthermore, that the re¬ 
lationship of one higher plant to another is clearly shown by mor¬ 
phological study. But this leads to the field of taxonomy, which, 
while clearly within the bounds of morphology, has been or will be 
treated fully in this program by other speakers. 

A critical study of cultural methods as the}^ are related to crop 
production makes up a large part of the agronomist’s work. But, 
obviously, cultural methods for any crop-plant cannot be v^ell 
founded without a detailed knowledge of the form of the plant and 
the development of its parts. An excellent example of what is meant 
may be found in the case of perennial grasses, particularly the fine- 
turf-producing grasses. In the case of the latter, turf may be re¬ 
garded as the crop, the ultimate product. There are probably more 
perfectly senseless, extravagant, or even harmful, cultural methods 
employed in the growing of fine turf than in the cultivation of any one 
of the tilled crop plants. This condition exists, regardless of the fact 
that fine-turf production has been practiced for centuries. The out¬ 
standing reason is found in the misunderstanding of the nature and 
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development of the roots of perennial grass plants. Briefly, the 
majority of those who are engaged in turf-growing think of grass roots 
as being perennial, as are roots of alfalfa or oak trees; whereas they 
arc strictly annual. This erroneous supposition has led to absurd 
attempts to encourage deep root growth, and incidentally deep 
feeding, with the view that if the roots can be made to develop at a 
considerable depth they will remain there indefinitely and w'ill be 
only slightly aifected by the conditions of moisture, plant food, and 
other factors of the environment which exists at or near the surface of 
the soil. This in turn has led to faulty and wasteful practices in the 
so-called ‘‘making of soil'’ (where this is done artificially), in w^atering, 
in fertilizing, and in rolling and spiking, or scarifying, to bring about 
what the la^TOan refers to as dee)) aeration. Through research in 
morphology, the nature and develojiment of roots of perennial grasses 
became know'n, and, as a result, real improvements are being made in 
methods of culture. In no other way could tliis have been ac¬ 
complished. 

Again, a few years ago there was consideral)le agitation in favor of 
trans)3lanting alfalfa in hills or row^s. Many small iireas w ere ))lanted 
in this way. In some cases, very satisfactory stands were obtained; 
in others, the plants behaved in a peculiar manner. 'Fhe c'rowns 
pushed out of the soil and no amotmt of cultivation or attention could 
prevent them from doing so. Studies of root development showed 
clearly that the tap root of an alfalfa plant is easily modified by en¬ 
vironmental conditions. They also .showed clearly the method that it 
is necessary to follow^ if transplanting is to be done with uniform 
success. 'Fhc transplanting of alfalfa has proved an economic failure; 
but the knowledge gained from the study of the morphology of ihv 
tap root has been exceedingly useful in many ways in practical 
alfalfa culture. 

In the culture of crop plants the agronomist often finds himself in 
much the same situation as the physician who has a patient with an 
obscure disease. He is obliged to treat symptoms. There i.s too 
much treating of s}unptoms in agronomy. Morphological research 
will do much to correct this. As an example of what is meant by the 
treating of symptoms, turn again to the result of research in fine- 
turf production. Red fescue is a good fine-turf grass for certain con¬ 
ditions in northern states. It is used to a considerable extent on golf 
courses, particularly on putting greens. The requirements of the 
game of golf are exacting. Putting greens must have turf of fine 
texture and of imiform surface. To accomplish this, close cutting is 
necessary and, with the modem putting green mower, it is possible 
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literally to shave the j^rass down to the very surface of the ground. 
Because of the urge of the players for fast greens, the grecnkeeper is 
inclined almost unknowingly to cut the grass exceedingly close. 
The bent grasses thrive under this treatment, but red fescue does not. 
The latter will withstand close cutting for a time and then in the 
language of the green kee])er it “commences to go back.’' The com¬ 
mon treatment has been to a])ply a topdressing of compost, or some 
quick acting nitrogenous fcrtili/er, or both. Careful studies have re¬ 
vealed the cause of the trouble. It is due to a peculiar morphological 
character of the red fescue plant. At the cn)wn or base f)f each turf- 
grass plant, regardless of s])ccics, there is a short stem r)raxismadeup 
of a number of unelongate intern(xles fiom which new .shoots, with 
leaves, are continuously developing In the bents and c'crtain other 
species, these shoots may co me from the very lowest buds. In the 
c‘ase of red fescue, the shoots that make the turf are ])roduc'ed from 
the up])er ])art of the basal axis. Consequently, when the top of the 
ba.sjil axis is c'ut off by the mowcT few shoots develo]) from the lower 
ncules and the (urf Ijeco mes thin Topolressing and fertdning to im¬ 
prove such a turf is metely treating s)mt)t('ms What is needed is to 
raise the mower so that the buvsal axis of the })lant is not injured. 
“The life of an organism,” says Strasburger, “is thus only possible 
when its construction is in agreement with its environment and it is 
ada])ted to the ('onditions of life ” Morphological studies have 
shown clearly why it is that red fescue turf (‘annoi bc‘ cut as closely as 
can bent grass turf, and have suggested the treatment that is the 
most hel]3ful when the turf commences to get thin. 

The explanation of the resistance of a plant to its ])ests is sometimes 
found in morphcilogical characters, and if the ])lant culturist bears this 
])oint in mind and studies his plants caiefully, he may gain knowledge 
that will aid him in breeding for resistance and in the treatment of 
diseases and injury. Vor example, brown patch [RhiziKionia soimn), 
a fungous disease of grasses, fiequently is so rampant as to injure or 
even destroy large areas of lawn or other fine turf in a single night. 
'Certain grasses, such as Kentucky bluegrass, are almcKst, if not com- 
])letely, immune to it. 1'he reason is not known. It is probably due to 
a physiological characteristic. The bent grasses are all susce])tiVjle to 
brown patch, but certain strains of the bents, especially of creeping 
bent, show a resistance to it to the degree that they are usually only 
lightly attacked and recover quickly from an attack, if favorable 
conditions are provided. Research has showm the reason for the 
relatively quick recovery of these strains and suggests how the re¬ 
covery can be hastened. The most resistant strains of the bents, so 
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far as kno'wn, produce an abundance of stolons, or rooting stems 
haviiig numerous nodes with short intemodes. Each node bears a 
bud capable, imder proper conditions, of producing a grass plant. 
Under the conditions requisite for the making of fine turf, the stolons 
are kept from appearing on the surface by close mowing and the 
application of loam-like compost. Although not apparent to cavSual 
observation, the stolons nevertheless are always present in consider¬ 
able abundance. Brown patch attacks grass on the surface, in 
many cases killing the leaves and crowns. The roots, of course, can¬ 
not live long with the green parts destroyed, but since there are an 
abundance of soil-covered stolons bearing buds ready (if given a 
chance) to produce shoots, it is easily seen how recover}^ may be 
brought about. With a knowledge of this fact as a basis upon 
which to work, the agronomist, or plant culturist, or grecnkeeper, or 
gardener, or whatever he may be called, prescribes and administers 
the treatment. It is simple. A light compost dressing to which is 
added a small proportion of sulphate of ammonia or of any quick¬ 
acting nitrogenous fertilizer, used with precaution to prevent burning, 
then liberal irrigation is all that is called for. It is not a case of 
bringing the dead back to life, but sim]:)ly of stimulating the dormant 
into action. 

Agi'onomists who do not know their plants intimately frequently 
fall into errors by concluding that cultural methods for closely related 
plants should be the same or similar when the plants are used for the 
same or a similar pur])ose. A few" years ago the Forest Serv"ice of the 
United States Department of Agriculture issued a publication setting 
forth the merits of different types of range management on grazing 
lands in the Forest Reser\"es of the w'est. Among the systems of 
management, one was especially recommended. The iirincipal 
feature of this system involves a vsystematic deferring of grazing, so 
that the range plants may be given an opportmiity to mature seed and 
thereb}" perpetuate themselves more abtmdantly. This system was 
recommended for the dry range, where the vegetation is of the bunch 
grass type. Yet, following the publication of the Forest Service 
pronouncement on range management, there came bulletins and 
articles advocating the adoption of the practice of deferred grazing 
for the pastures of the northeastern states. Had the authors fully 
imderstood that bunch grasses are morphologically quite different 
from true turf grasses, they would have known that the pasture 
grasses of the humid northeast not only do not need a period of rest in 
which to mature seed, but are positively deterred from making their 
best development for pasturage if allowed to produce seed. Mor- 
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phological studies go far toward explaining why this is true. The 
turf-forming grasses of the humid sections depend upon stolons, or 
rootstocks, or both, for a continuation of their existence. Seed pro¬ 
duction deters the development of these organs. Incidentally close 
grazing benefits them; allowing them to produce .seed causes them 
to languish. 

During a part of his term, President Woodrow Wilson kept 
sheep on the White House lawn. A western congressman, probably 
not entirely in symjiathy with the administration, voiced a protest. 
“Any damn fool,” he said, “knows that sheep are hell on grass 
but he did not know that, as Ingalls once said, “all grass is not 
bluegrass.” 

Closely allied to this type of error is that of assuming that very 
closely related species are practically^ interchangeable in the matter of 
their utilization. Of course, in many cases they are; but in certain 
cases, where they arc not, there has been for a long time, and is .still, a 
persist(‘nt tendency to so regard them. Few x)ersons will deny 
that Kentucky blucgrass is without an equal as a lawn grass for the 
northc'rn j)art of the United States, where there' is sufficient moisture 
for its growth. But as a knvn grass, its sister species, Canada blue- 
grass, cannot be regarded even favorably. 'Fhere are, how^cver, 
thoiLsands of ])uunds of seed of Canada bluegriuss sowm annually on 
lawns, ])rincipally in mixtures. Seedsmen are not alone responsible 
for this. Oardeners and others have gone on for years trying to make 
a lawn grass out of a sfsecies that is morphologically quite unsuited for 
the jmrpo.se. While maiiy agronomists and others have long known 
Canada bluegrass is not a .suitable lawn grass, it is only within the 
last year or two that the real reason was discovered. In each true 
turf-fonning sjjccies of grass the internodes of the basal axis remain 
unelongated, or at most they elongate but .slightly. Therefore, the 
new^ shoots tliat develo]) from time to time do so at the very surface of 
the ground. Thus, a mat is formed, if the grass is cut frequently, and 
no stems or culms are erected. The basal axis of Kentucky bluegrass 
plants behave in this way. But in the case of Canada blue grass the 
behavior is dilTerent. When the plants of this species pass the seedling 
stage, the internodes of the basal axis commence to elongate. Mow¬ 
ing cuts off the shoots as they are pushed up by the elongating basal 
axis, and it is impossible, therefore, for a mat of leaves to form on the 
surface and to make turf. There results, after a few months of 
growth and frequent mowings, a stubble with only a scant number of 
leaves present. The grass makes sod but not turf. A comparable 
case is that of redtop and the bents. The latter are most excellent 
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turf-forming .grasses. Redtop is useful only in the seedling stage. 
In this stage it is very useful in conjunction with Kentucky blue- 
grass. Again, there is a morphological reason, which is now very 
generally known. 

There is at least one subject in agriculture upon which there is 
unanimous agreement. That is that there is no royal road to success 
in the eradication of weeds. Morphological studies, however, have 
done much to assist in the development of practical methods of 
eradication or control. If given an opportunity, they will do much 
more. Cates has pointed out the possibilities in the case of Johnson 
grass. 

Analogous to the control of weeds is the management of the crop 
plant that has weedy or aggressive tendencies. Such a one is Bronius 
inermis. The course of development in this grass is such that the 
rhizomes are produced in the spring from the shoots that live through 
the winter. The summer crop of herbage is produced by the aerial 
shoots that come from the rhizomes. Late in the summer, buds on 
the nodes of the basal axis of the aerial shoots develop into shoots and 
these in turn carry on during the winter when the rhizomes become 
functionless. The weak S]3ot in the life history of brome grass is 
during the development of these over-wintering shoots. This fact, 
therefore, may be taken advantage of when a change is to be made 
from brome grass to some other crop. 

In his effort,s to produce stocks of unmixed seed of selected strains 
of timothy, Morgan W. Evans of the office of Forage Crop Investi¬ 
gations, Bureau of Plant Industry, United States Department of 
Agriculture, found that a great majority of rogue plants which he 
thought had come from seed brought to the field by other means than 
intentional sowing came vegetatively from timothy ]dants that had 
previously been plowed u ider in midsummer. This was apparently 
the first time that the phenomenon of young timothy shoots off¬ 
setting from old plants by rooting stems had ever been observed 
To Evans, this observation was exceedingly valuable, since it put 
him in the way of using much simpler methods in keeping out voltm- 
teer timothy plants than would be necessitated if these plants were 
seedlings. 

An adequate understanding of the ftmetions of the various organs 
of the plant is impossible without a detailed knowledge of the form, 
structure, and development of these organs. Without such knowledge 
mistaken conclusions are sometimes drawn regarding their functions. 
Apparently, this has been done in the case of the so-called timothy 
“bulb,'' The enlarged intemode at the base of the timothy culm. 



OAKLEY: MORPHOLOGY 


583 


commonly known as the “bulb,” is very generally thought to fimction 
as a food-vStorage organ, from which the plant may draw needed food. 
Upon investigation, it was found that there is a general misunder¬ 
standing as to when the organ develops. It is commonly thought 
that it develops in the fall and is, therefore, available to assist the 
plant through the vicissitudes of winter. On the contrary, in the 
latitude of northern Ohio, this corm-like organ develops in May, or 
about that time, after the plant has passed through its i)eriod of 
greatest vicissitude and has made a good strong growth. Whether or 
not the clearing up of the life history of the timothy “bulb” will lead 
to anything of practical value remains to be seen, but it will add to the 
knowledge of the timothy plant and is therefore worth while. 

Studies such as these, even though of remote practicability, help 
the agronomist by incTcasing his keenness of perception and ac¬ 
curacy of observation. They also enlarge his resourcefulness and 
make of him a better investigator. Furthermore, they will serve him 
in many other ways. 

Not all the reactions of plants can be ex]jlained on morphological 
grounds Agronomists have erred in concluding that certain phe¬ 
nomena are due directly to certain gross moq^hological characters. 
A decade ago, it was thoiight by many that the difference in winter 
hardiness between strains of alfalfa was due very largely to the degree 
of i)rotecti()n the j:>lants give the resting buds during the winter. 
Inasmuch as hardy strains in general arc characterized by crowns that 
arc set well in the soil, and man}" of them have rhizome-like stems 
which bear buds from which aerial shoots are ]m)duced, it is easy to 
understand why winter hardiness was in a large measure attributed to 
the i>hysical protection given the buds But, actually it is some¬ 
thing besides ])hysical protection of the buds that makes an alfalfa 
plant winter hardy; for, when the crowns of plants of relatively 
tender varieties are well covered by soil or otherw"isc protected, the 
mortality due to severe winter weather is lessened but little. Winter 
hardiness in alfalfa varieties seems to be largely an inherent quality of 
the protoplasm. This illustration is not intended to lessen the regard 
for morj)hology but to bespeak due consideration for physiology. 

Morphological studies that it would be profitable to make are al¬ 
most without niunber. The field has merely been scratched. Botan¬ 
ists have avoided some of the more difficult problems. Hence, there is 
much in the field of morphological botany for the agronomist to do. 
What Percival has done for the wheat plant, and Evans for timothy, 
should be done by other agronomists for the plants with which they 
are working. 
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A word should be said here with regard to terminology. Better 
terms are needed for certain parts and characteristics of plants. 
Improvement in this line should be made at once. Agronomists 
should take a lesson from the medical profession. Doctors have a 
terminology of their own, highly technical it is true, but definite. 
Exactness in terminology lessens confusion. 

A need for improved technique in the making of critical morpho¬ 
logical studies is also apparent. For example, studies in the perennat- 
ing habits of grasses and the development of the roots of perennial 
species doubtless would proceed much more rapidly if the technique 
were well worked out. Given the spirit to conduct investigations, 
good technique and better terminology, the agronomist would be 
better able to attack some of the hardest of economic crop-plant 
problems. 


3. PLANT PHYSIOLOGY! 

Wm. Crocker^ 

I feel that I can best present what I have to say about the relation 
of plant physio]og>" to agronomy and other practical phases of plant 
production by discussing the following four topics: i. history^ of the 
relation of plant physiology in the United vStates to plant production; 
2. complexity of plant physiology’' problems in agronomy and some 
newer methods of attack; 3. necessity for a comprehensive all-sided 
attack on these piDblems; 4. contributions of agronomy and other 
applied lines to plant physiology. 

I. HISTORY OF THE RELATION OF PLANT PHYSIOLOCxY TO PLANT 

PRODUCTION 

I believe that plant physiologists in America during the past 
forty years might have been many times more helpful to plant pro¬ 
duction and at the same time fully as productive scientifically had 
they gone to a different place to find their research problems. Until 
recently, plant physiologists in America vrere largely trained in the 
theoretical laboratories of Germany. These laboratories not only 
had little knowledge of, or sympathy for, the applied fields, but in 
many cases, they were antagonistic to them—drawing a shaiji line 
between pure and applied science. These German plant physiology 
laboratories suffered another defect, that of over-specialization. 

^Paper read as a part of the symposium on ^‘Research Fundamental to the 
Solving of Crop-plant Problems," at the meeting of the Society held in Cin¬ 
cinnati, Ohio, December 28, 1923. 

^Director, Thompson Institute for Plant Research, Yonkers, N. Y. 
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They lacked chemistry and, in many cases, other phases of botany, 
such as anatomy and cytology, that are essential to the understanding 
of many physiological problems. 

It was in these laboratories that the eaily American plant physi¬ 
ologists found their problems and got their training for solving these 
problems. The problems were highly theoretical and the technic for 
solving them very simple and superficial. Often, an American 
brought back with him the Geheimrats* problems in tropism and 
continued to work on these most difficult problems of plant physiology 
with simple and inadequate methods, while many problems of much 
greater scientific im])ort, capable of solution and with the added 
virtue of large practical significance, remained untouched about 
him. 

What has been said implies no lack of appreciation of the epoch- 
making nature of the work done by German plant physiologists from 
i860 to the beginning of the war; but after all, this was only a be¬ 
ginning, a first step. Progress in the subject from now on, both 
scientific and j)ractical, calls for more thorough-going and adequate 
methods as well as more comiirehensive attacks on the problems. 

Where could the early American i)lant physiologists have found 
their problems, if not from the German Geheimrat'^ The horti¬ 
culturists, the agronomists, the market gardeners and back of these, 
the nurser\men, seedsmen and farmers, are good at suggesting prob¬ 
lems for the plant physiologists. These are often very real prob¬ 
lems, their actuality having been proved by their long and repeated 
interference with the progress of practical men. 

A forlorn and disconsolate florist once approached me with the 
question, “How does illuminating gas eflect carnations'^” This was 
to him a very real problem, for he believed that through this in¬ 
jurious agent he had lost the accumulations of years. I accepted his 
estimate of the problem and my colleagues and I proceeded to study 
the effect of illuminating gas and its constituents upon plants. 
This work proved that ethylene is a remarkable substance, so far as its 
effects upon plants are concerned. It modifies the growth of some 
plants in dilutions as high as i part in 10,000,000 of air. The injurious 
effect of ethylene upon plants is frequently due to its great power to 
quicken development or to cause dormant cells or tissues to become 
active. Examples of this are the hastened development of abscission 
layers causing premature leaf and petal fall, the induced hyponasty 
causing flower closure and the gall formation on the root, stem or 
crown. Ethylene is proving to be one of the best forcing agents for 
plants. It is very effective in hastening the ripening of various 
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fruits as well as root development on cuttings. Doctor Luckhardt 
was induced by the remarkable effect of ethylene upon plants to 
study its effect upon animals and has thus given the world what is 
perhaps generally its best anaesthetic. All of this is to show that the old 
florist easily averaged up with the University professor in assigning a 
worth-while research problem, whether we desire scientific or prac¬ 
tical results. 

I know of a case where a plant physiology laboratory has the repu¬ 
tation for picking good fundamental problems which at the same 
time have large practical bearings. This reputation is largely a 
result of view point. It is maintained by this laboratory that a good 
plant physiology problem can contribute both to science and to 
practice. Because of this viewpoint, the research students, largely 
from agricultural colleges and experiment stations, have worked, as 
far as possible, on problems of importance in the several regions from 
which they came, rather than on problems peculiar to this laboratory. 
The laboratory largely furnished ideas on methods of attack and 
technic for handling fundamentally problems of the various states. 
Man}" more plant physiology laboratories of this sort are needed, 
both in private and state imiversities, but these laboratories need to 
be much better organized, manned and equipped than any we have 
up to date, so that in a steam shovel age we may not be doing things 
with hand shovel methods. 

The head of a department of market gardening in one of our best 
agricultural colleges expressed it as his opinion that plant physiology 
has fully as much Iwd contribute to plant production as has plant 
pathology. He then proceeded to inquire why plant physiology in the 
United States does not have an organization commensurate in size 
and aggressiveness with that of the pathologists. I have heard 
similar expressions from prominent men working in other phases of 
plant production. All this seems to indicate that plant physiology is 
falling short of rendering the great practical service that it should. 
I believe that I have mentioned above one of the important reasons 
for this and suggested a significant remedy, namely, let the plant 
physiologists seek their fundamental problems in connection with 
practice. There are other things, however, that need attention. 

Today the worth-while problems in plant physiolog}" are mostly 
very complex. They demand much expensive apparatus and equip¬ 
ment. They call for a great range of technic, involving several fields 
of chemistry and physics as well as other sciences. This means that 
marked success calls for large, well-equipped laboratories, manned by 
specialists with a variety of training. Until recently, pathological 
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technic was much more simple and did not demand such complex 
equipment. In its recent tendency toward a physiological attack it 
mil meet the same complexity. 

Ill spite of the need of well-equip])ed and manned centralized 
laboratories, the disposition in our agricultural institutions, including 
the United States Department of Agriculture, has been to distribute 
the young plant jihysiologists whom they employ out amongst the 
several divisions of ])lant jiroduction, without any connection with 
such a well-equipped and manned laboratory, where the appliances 
and methods of the science are in constant operation and where the 
extensive and diversified knowledge of the subject is the every day 
talk of the workers. 

I judge that this symposium is not held to soothe each others 
feelings wnth softly uttered i>lalitudes, as if we were holding a fully 
dressed-up meeting of a city woman’s club, I judge on the other 
hand, that it is an attempt to better agronomy and the sciences fun¬ 
damental to agronomy. This being the cavSe, I want to .say that it is 
the consensus of opinion of the plant physiologists of the United 
States that the United States Department of Agriculture and the 
large State agricultural colleges and Experiment Stations should 
have strong, well-manned,'veil-equipped plant physiology laboratories, 
and, that so far as practical, the plant physiology work in the various 
di\^isions should be done in cooperation with these laboratories. 

If, in certain respects, plant physiology is in a bad w^ay in the 
United States, perha])s nobody is so much to blame for it as the plant 
physiologists themselves. They have certainly lacked the aggressive¬ 
ness and organization spirit of the plant pathologists, things that 
seem necessary t(,i impress on the agricultural world the i:)ractical 
service they are able to render. Now this spirit of agressiveness and 
organization seems to be rising. It is about to give us the “Plant 
Physiology Society of America.” But as we shall see later on, we 
may not be justified in unlimited enthusiasm for the formation of a 
new ])lant science group. 

Perhaps agronomists and other groups who are in close touch wdth 
practice may help out here, by seizing upon this new aggressiveness 
of the plant physiologists and putting it at work on very imi)ortant 
practical problems w^hich, if properly attacked, wdll, at the same 
time, yield results of great scientific value. In an enthusiastic 
attack on these problems, the plant physiologists might lose some of 
their enthusiasm for mere organization. They have something the 
matter with them and don’t seem to know what it is. If a science 
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or a scientific group had a conscience, I would believe that their 
conscience was hurting them for not having done their practical duty 
in the past. 

2. COMPLEXITY OF PLANT PHYSIOLOGY PROBLEMS IN AGRONOMY 
AND SOME NEWER METHODS OF ATTACK 

Physiological problems in agronomy are very complex. When 
viewed in one way, they appear hopelessly complex. There are 
many factors which affect the development of crop-plants. Each 
factor may exist in many degrees of intensity. All these factors in 
all degrees of intensity mean an infinite number of combinations. 
All these factors in combinations of several intensities mean an 
enormous number of combinations. This seems to be almost a hope¬ 
less number for experimental determination. Even with an enormous 
amoimt of equipment for accurate control of conditions—equipment 
that one will find very co.stly if he undertakes to have it produced— 
these problems appear staggering when viewed from this point. 

Viewing these problems from another angle, however, there is 
more hope. There are several pieces of work that, indicate that a 
number of different external conditions may produce similar internal 
conditions in the plant and these internal conditions, in turn, lead to 
similar developmental and other behavior. I'hese pieces of work 
give hope that amid diversity of external conditions we may find 
unity in the internal effects produced. They al.so indicate that man}" 
principles of plant development may be learned by varying the 
external conditions rather broadly, quite aside from highly accurate 
control, and studying the effect of such variations at the same time 
upon the rate and course of development and upon the internal 
nutrient conditions. The combination of this method with very 
accurate control of external conditions, where of course, internal 
conditions and developmental features are both carefully studied, 
point the way to real advances in problems of plant development. 

Let us now look at two cases where diverse external conditions 
bring about similar internal nutrient conditions, accompanied by 
similar developmental behavior and, later, one other case where a 
study of internal conditions throws at least some light on the mechan¬ 
ism by which an external factor determines growth behavior. 

Reid is able to .control the proportion of root and shoot develop¬ 
ment in cuttings of tomatoes and Bryophyllum by growing the plants 
in such condition as to give various proportions of carbohydrates and 
nitrogen in the cuttings. High carbohydrate content of the cuttings, 
with low nitrogen, favors root development; while high nitrogen with 
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low carbohydrates favors stem development. In these experiments, 
the proportions of carbohydrates and nitrogen in the cuttings were 
determined entirely by varying the nitrogen supply to the normally 
illuminated plants from which they were taken. 

Dickson has found that wheat plants, which are grown near the 
minimum temperature for wheat growth have roots about four times 
the weight of the tops. This holds true whether the plants are taken 
in an early stage when they are largely nourished from the seed or at a 
much later stage when they are entirely independent of the food 
stored in the seed. Wheat plants which are grown near the maxi¬ 
mum temperature for wheat growth have tops several times as heavy^ 
as the roots. This also holds whether the plants are taken in the 
early stage when still dependent upon the stored food of the seed or at 
a much later stage when entirely independent of the food stored in 
the seed. Wlien the plants are grown at low temperatures, the grow¬ 
ing regions have a high proportion of available carbohydrates and a 
low proportion of nitrogen. When grown at high temperatures, the 
reversed relations are true. The temperature seems to have its 
marked effect on proportion of root and top development by modi¬ 
fying the proportion of available carbohydrates and nitrogen. 

In these two cases, two veiy^ different external factors, nitrogen 
supply and temperature, controlled a developmental factor, namely, 
proportion of roots and tops. In doing this, the two factors apparent¬ 
ly worked through the same internal condition, proportion of two 
groups of nutrients. 

Klebs, H. Fischer, and Kraus and Kra^d)!!! have all come to the 
conclusion that relative proportion and abundance of carbohydrates 
and nitrogen in higher plants is a ver\" important factor in determin¬ 
ing whether the plant shall be dominantly vegetative or shall be a 
balance between vegetative vigor and fruitfulness. The several 
workers used a considerable number of species of plants. They also 
modified the proportion of carbohydrates and nitrogen in the plants 
by varying three different external factors. Klebs varied the illumin¬ 
ation; Fischer, the carbon dioxide content of the air; and Kraus and 
Kraybill, the amount of nitrate furnished the plant.^ 

*The fact that Kraus and Kraybill with their methods of experimentation pro¬ 
duced plants extremely high in carbohydrates and low in nitrogen, plants showing 
little vegetative vigor and no fruiting, a condition not obtained by the other two 
workers with their methods of experimentation, docs not modify the general 
agreement in the results and conclusions of the several workers. Likewise, the 
existence of secondary factors as necessary for the utilization of nitrate nitrogen 
does not alter the significance of the carbon-nitrogen ratio as an important internal 
developmental determiner. Two such secondary factors have been observed. 
Kraybill finds that in tomato plants nitrate nitrogen is not available for protein 
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Let tis look at another illustration that shows how an examination 
of internal conditions throws light on development behavior. Seeds 
with dormant embryos are found to afterripen, or go through the pre¬ 
liminary changes necessary" for germination, most rapidly in a germi- 
nator at 5® C. It is found that this temperature leads to the most rapid 
accumulation of soluble sugars, amino-acids and phospholipines—all 
building materials readily available for the formation of new tissues— 
and certain enzymes which are probably necessary catalysts for 
growth. 

This matter of determining the internal conditions is very im¬ 
portant; but it is not as simple in most cases as in the examples we 
have just cited. In these examples, the extemal conditions modified 
internal general nutrient relations which in turn were developmental 
determiners. (In the other hand, where the external conditions act 
directly upon the proto]’)lasmic machinery, the determination of the 
internal effect will be much more difficult, in most cases im])ossible, 
with the present methods available. It is i)ossible even to detennine 
the amounts and proportions of the nutrients in y)lants only by larger 
groups, such as reducing sugars, h>Tlrolizable carbohydrates, insolu¬ 
ble proteins, etc. No methods are available for determining exacth^ 
the amounts of such things as individual sugars, amino-acids or 
proteins in the plant. There is great need of encouraging the adapta¬ 
tion and imi^rovement of all sorts of chemical and physical methods 
for studtdng the composition and conditions of plant tissues. Most of 
these questions are quite beyond the methods that American ])lant 
physiologists leamed'in Gennany twenty-five or thirty years ago. 

In this connection, I wish to call attention to the difference be¬ 
tween an extemal condition as an immediate response factor and an 
external condition as a development factc^r. Walster has illustrated 
this by the relation of temperature to the germination and early 
growth of wheat. According to Haberlandt’s much-quoted data, the 
optimum for the germination of wheat is about 25° C. This merely 
means that the seeds germinate most quickly at that temperature. 
It is a quick response consideration rather than a development con¬ 
sideration. According to Gutzeit and others, only sickly plants of 
many small grains, giving low yields, are produced, if germination and 
early growth occur at temperatures above 20° C. The optimum 
temperature for the germination of seeds of small grains is 17° C, or 
lower, if maximum' crop is desired. In this sense, optimum tempera- 

synthesis even in the presence of an abundance of carbohydrates, if phosphates are 
deficient. Nightingale also finds that in several plants daily illumination ex¬ 
ceeding a certain duration is necessary for the transformation of nitrates to in¬ 
soluble nitrogen compounds. 
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ture for germination is a real developmental consideration. In 
practice, the time of sowing the small grains may involve this fact as 
a sort of unconscious acquisition of human experience. As the work-* 
ers who were mentioned above point out, the small grains are favored 
rather than injured in later stages of their development by somewhat 
higher temperatures. 

If one starts with a plant well below the “optimum" temperature 
and raises the temperature 10° C, there is an immediate increase in the 
growth rate of two to three fold. This does not mean that such an 
increased rate will be maintained throughout the life of the plant. 
The higher tem])erature may and generally does gradually bring 
about changes in the c'hemical make up, and perha])s other characters 
of the ] 3 lant, that alter the rate of growth as well as the course of 
development. 

Unfortunately, most of the experimentation in plant physiology up 
to date has been of the immediate resj)onse type. vSuch studies re¬ 
quired only small control apparatus running for a short time. The 
really hel]3ful ])lant ])hysiology so far as agronomy is (‘oncerned is 
develoj)mental physif^logy. Much of such work calls for large control 
apparatus running during the entire life of the jilant. In such appa¬ 
ratus, it is desirable to have all conditions under control as far as 
jiossible; light (intensity, quality and duration), temperature, 
humidity, carbon dioxide concentration of the air as well as soil con¬ 
ditions. vSuch a])]3aratus is expensive. It is j^robably a fair estimate 
that a chamber twenty-feet scjuare will cost thirty thousand dollars 
for construction and interest returns from six times that amount for 
continuous operation. It is evident that such ap])aratus can not be 
installed at all of our jilant science institutions or even at many of 
them. It might be well for the several plant science men interested in 
development problems to get together and work toward the equip¬ 
ment of three or four laboratories located in various parts of the 
country and provided with these controls. Problems demanding 
such equipment could then be taken to these laboratories for solution. 

3. NECESSITY OF A COMPREHENSIVE ALL-SIDED ATTACK ON THESE 

PROBLEMS 

Sometimes a local chemical change in plants is the very entx of the 
explanation of physiological behavior. This calls for microchemical 
studies. This is true of Eckerson’s unpublished work on the effect of 
light on the light-inhibited seeds of Phacelia and Nigella and on the 
light-requiring seeds of Gesneriaceae. It is doubtful whether any 
other method can detect most of the changes produced in the coat of 
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these seeds by the combined actions of light and the iron salts stored 
there. Sometimes the very essence of a physiological explanation 
depends upon the general chemical constitution of the plant as 
determined by tissue analysis. This is true of the work of Kraus and 
Kraybill mentioned above. Again, anatomical characters often ex¬ 
plain physiological behavior. Often all of these and other studies 
must be made in order to be sure of the reason for physiological be¬ 
havior. I long ago concluded that plant physiology is not a science in 
itself but it is only a part, a phase, or a view-point, of the whole. 
Botany, or plant science in the broad sense, is the whole and all of the 
phases should develop in the closest relation to each other to insure 
fast and sure progress and to insure that no phase be given imdue 
meaning. 

Also, the scientific phases are benefitted by developing in clOvSe 
relation with practice. I have observed that scientific men are apt to 
be a little more careful of their conclusions when somebody’s million 
dollars depend upon these conclusions than when the end of the work 
is the adornment of the pages of the Botanical Gazette or the Ameri¬ 
can Journal of Botany. Then, too, the greater diversity of con¬ 
ditions met by men in immediate contact with practice, in contrast to 
the strict laboratory men, has a broadening and salubrious effect on 
the work of the latter. 

This need of a cooperative all-sided attack on our present day com¬ 
plex scientific problems is well described in the following quotation 
from a little pamphlet iSvSued by a committee of the American Chemic¬ 
al Society, entitled “The Future Independence and Progress of 
American Medicine in the Age of Chemistry:” 

“When it became clear during the recent war that poisonous gas was to 
constitute an important munition, our country called to its service a great 
group of its ablest research chemists to provide means of defense and to solve 
those problems of production which would provide our field forces with an 
ample supply of this new weapon. 

Not to the professional inventor nor to the accident of haphazard discovery 
was this grave responsibility assigned, but to the trained workers in systematic 
research. Nor were these men asked to undertake this vital work in the se¬ 
clusion and isolation of their respective laboratories but they were assembled at 
the American University Experiment Station on the outskirts of the city of 
Washington, under one roof as it were, where by daily, nay hourly, conference, 
utmost speed could be secured in the solution of those problems on which the 
question of life and death so closely hung. 

But these chemists found that they alone were inadequate for the task. 
To supplement their special skill and knowledge there were added to the staff 
pharmacologists and expeiimental pathologists. 

Through the combined efforts of these groups, working in closest associa¬ 
tion and provided with ample facilities for research, results were accomplished 
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with a speed and certainty which amazed all. The paths to agencies for both 
defense and offense were clearly pointed out and large scale production quickly 
followed/’ 

In Spite of the need of getting together, the disposition of American 
botanists is to split up into separate societies. If the systematists, 
the morphologists and the cytologists should organize separate 
national societies, the picture of dissolution would be complete. 
The disposition of each phase of botany to form an independent 
society may have certain advantages, as well as evident disad¬ 
vantages. It may give each group a self consciousness and agressive- 
ness that will make for greater progress in several phases of the work. 

It is i)ossible that we can get the advantage of these special organ¬ 
izations and overcome the disadvantages in another way. 

In spite of the disposition to form new national societies, at annual 
meetings the men who work in related sciences seem to be getting 
together in svTni)osia and otherwise in a way to insure progress of 
plant science; but after all, it is not so important how we group our¬ 
selves or even how we behave here at these meetings, provided the 
working conditions in our laboratories at home are good. The alarm¬ 
ing thing is the fact that the same dispOvsition to disintegrate shows up 
in many of our big laboratories. In view of the present complexity of 
research problems in j)lant science, it would seem that surest progress 
will be guaranteed by strong departments of botany, constituted of all 
the phases of the subject, rather than by departments representing 
each phase. The several phases should not only be cooperating 
smoothly, with all phases within the department; but the botany 
department should be cooperating fully with applied lines such as 
horticulture, agronomy, soils and market gardening. Big industries 
are getting good team work in their research. The plant science 
groups with their greater idealism ought to do as well. It is time 
for laying aside temperament and little differences for the sake of big 
accomplishment s. 

I believe the best progress of agronomy is dependent upon the 
existence of such botany departments. Your own welfare might 
justify you in giving some attention to this and in exerting some 
pressure toward building up such departments. It is often very easy 
to get funds for immediately practical problems, but hard to get them 
for more fundamental work. Yet the latter may be the way to sure 
progress. This would justify you again in throwing your influence in 
favor of the strongly supported botany departments. 



594 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 

4 . CONTRIBUTIONS OP AGRONOMY AND OTHER APPLIED LINES TO 
PLANT PHYSIOLOGY 

The very fact that the agronomists have arranged this s\Tnposium 
shows that they think the several fields of botany have contributions 
to make to practice. For plant physiology, at least, I want to em¬ 
phasize that this beneficial relation is reciprocal. 

As one looks over the work done during the last two decades in the 
more practical lines, horticulture, agronomy, market gardening and 
especially plant pathology, he sees more and more tendency to turn to 
plant physiology. There are probably more plant physiologists now 
employed in these departments than in regular plant physiology 
laboratories. As time ])asses, the proportion promises to increase 
greatly. 

One would be very defective in his knowledge of American contri¬ 
butions to plant ph^'siology, if he neglected the contributions of these 
more practical lines. During this and following decades plant physi¬ 
ology will experience the same contributions from practical lines that 
animal physiology has experienced for several decades from research 
in medicine. 

The thing that is most worrying plant physiologists in the United 
wStates today, and driving them to form a sej)arate society, is the 
thing that promises to add much to their science; namely, the assim¬ 
ilation of i)lant physiologists by the more practical lines. I really do 
not know whether to be worried about this situation or to be cheered 
up by it. If strong laboratories of plant physiology existed as])artsof 
good botany departments in most of our agricultural colleges and 
experiment stations—laboratories where the every day talk and 
practice are the latest knowledge and technic of the subject—I am 
sure I would be optimistic. 
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I take it that our discussions are in the nature of program-making. 
While we hear much criticism in certain quarters of the tendency to 
spend overmuch time on elaborate planning, it is fairly obvious that, 
with the diversification of scientific effort, coojjerative program¬ 
making is becoming incTcasingly necessarv. 

T may be permitted, perhaps, to sketch m\ own idea as to the re¬ 
lation of the particular field of study, cytology (which I am asked to 
represent) to the other fiekis of research which are to be presented. 
I may first note that when, \'ears ago, the term began to have con¬ 
siderable vogue, doubt was expressed as to its use as quite unnecessary 
and likely to be misleading. That there could be a domain of cell 
science which W’as not either physiology, or mor].)hology seemed then, 
and may still seem, to be a x'cry int'orrect idea In a word, in my 
ojnnion, cvtolog^' is in realit\' cellular physiology, excluding develop¬ 
mental ('ellular mor])holog\ . since w’e know’ next to nothing of the 
e\*<')lution of cells from the non-cellular or inorganic w’orld I should 
define its sco])e more exactly In calling it general ])h\siok)gy dealing 
particularly wdlh those cell [imcesses whicb are cemnmon to all living 
things, both plant and animal; such as ref>roduction, growth, firo- 
tein and carbohydrate metabolism, secretion and excretion as (‘on- 
trasted wdth transjnration, sap fiow’^ and the various tropisms of 
stems and roots, etc.; all of wdneh arc sfiecial functions of the higher 
vascular filants, as the functions of the circulatorv', musc'ular, nervous 
and other systems as such belong to the special physiology of rather 
highly differentiated animals. 

Perhaps the most obvious and the easiest field of fundamental re¬ 
search on crop plants is the study of the control of their diseases. 
The wonderful achievements in this field wdiich have resulted from 
the discoven* and use of insecticides and fungicides by modern spray¬ 
ing and dusting methods are recognized by scientist and lavman 
alike, and w’e must never forget that much of the willingness of legis¬ 
lators, state and national, to vote furtlier large sums of money for 
scientific study of the problems of crop j>lants is based on their direct 
knowledge of the successes that have been already achieved in the 
control of plant diseases. It w^ould be hard to over-estimate the im- 

^Paper read as a part of the symposium on “Research Fundamental to the 
Solving of Crop-plant Problems,” at the meeting of the Society held in Cin¬ 
cinnati, Ohio, December 28, 192,^ 

^Professor of Botany, Columbia University, New York City. 
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portance of the early successes in controlling grape mildew and black 
rot, for example, in making possible the tremendous expansion in all 
lines of agricultural research, which has come in the last quarter 
century. The further perfection of methods already known and the 
discovery of new and more effective methods of elimination of the 
wastage and destruction due to plant diseases is certainly one of the 
surest methods of alleviating the “distresses of the agricultural situa¬ 
tion “ as we are wont to call it. 

The pernicious doctrine (which is now strenuously voiced in certain 
quarters) that there is being produced too much of all those necessaries 
of life which come from the farms is based on the most obvious con¬ 
tradiction of all agricultural histor>\ In the long run it must be by 
improved methods of production and by the further elimination of 
the wastage and destruction due to crop diseases and crop pests that 
it will be possible to increase the returns of the farmer, without the 
danger of limiting his market by increasing costs to the consumer. 
References to the tremendous response of farmers to the demand for 
increased production that came with war conditions too frequently 
include no reference to the question of costs. 

Pathology is, it is now frequently said, nothing but abnormal 
physiology. Virchow’s dictum that all disease is disease of cells is a 
commonplace of accepted thcor}!^ today, and the histor>^ of the 
cytological study of plant pathology, with its every step marked by 
the discovery of new types of specific interrelations between host cells 
and parasites, has verified Virchow’s conception in its ever}' aspect. 
It was by cytological methods that the old misconception that the 
pathogen is the product of the diseased host cells was finally eliminat¬ 
ed. There are those today who are justly much distressed because 
modem pathology, especially plant patholog\^ tends to be so wholly 
limited to a consideration of thje life history of the pathogen that the 
functional disorders of the host are quite neglected, but in both 
fields progress has been made in direct proportion to increased knowl¬ 
edge of the intercellular relations of host and parasite at each stage in 
the life history of both. 

On the firm foundation of this knowledge of cellular inter-relations, 
there is now beginning the further study of the effects of environmen¬ 
tal changes, such as temperature, soil, acidity,moisture, etc., on this 
cellular host parasite complex, and I think it is safe to predict that 
only as this ahalysis of environmental factors extends to the recog¬ 
nition of definite and specific cell effects will its contribution be of 
fundamental significance for the imderstanding and control of plant 
disease. 
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The microscope and cytological methods bid fair just now to reveal 
some of the secrets of the baffling problems of “mosaic” and related 
diseases though there is also evidence that its revelations may mis¬ 
lead the unwary as well as enlighten the judicious. Will the solution 
of the mosaic problem clear up the whole train of functional degener¬ 
ations of the potato, even to curly dwarf and spindling tuber, as 
well as the long series of infectious chloroses in other crop plants? 
It is clear enough now that anyone with the requisite patience and 
technical skill could, in Beijerinck’s time, have seen the bodies in 
mowsaic cells which many now are finding. Whatever these bodies 
may prove to be, they constitute a definite new element in the prob¬ 
lem and in the broader view it is no mean achievement to have brought 
such diverse diseases as tobacco and com mosaic and wheat rosette 
into a suggestive relation with certain animal exanthemata, with 
their associated chlamyd(jzoa, whatever these puzzling structures 
in turn may prove really to be. 

With all the uncertainties that lurk in these most difficult and 
obscure plant pathological problems, the cytologist may, it seems to 
me, feel sure as a working hypothesis that ultimate solutions will be 
reached only with the discovery of the cell disorders which lie back of 
S}TOptoms, as shown in leaves, vStems, tubers, etc., and in the light of 
past ox])crience it seems to me the further w^orking hyi)othesis 
is justified that these cell disorders, whether due to pathogenic organ¬ 
isms or to autolytic functional disbturbance, wnll be most clearly 
characterized and interpreted by means of a clear understanding of 
the changes w’hich they induce in the visible organization of the cell. 

It is in the study of the series of grades and types of cellular inter¬ 
relation between host and imthogen that cytology has contributed 
and ai)parently is destined still further to contribute to the funda¬ 
mental concepts of i)athologic theory. Apparently, it w^ill soon be 
possible to clear uj) and quite reverse some of the most fatal and 
mivsleading concejjts as to the interactions of host and pathogen which 
have dominated the theories of animal pathologists. It has been 
found that in highly specialized parasites, including those most 
dangerous to the great cereal crop-plants, the old dictum that pre¬ 
disposition to attack is a matter of low^ered vitality and resistance is 
quite the opposite of the truth. In some cases a condition of vigorous 
health is even a prerequisite to infection by the parasite. Further, 
in many cases the parasite, far from giving off toxic compounds to 
kill and rot the tissues of the host, pimctures its cells wdth delicate 
haustoria which serve merely to withdraw^ food materials with a 
minimum of immediate damage to the invaded plant, though in the 
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end resulting in its starvation. It is only in the case of the lower un¬ 
specialized and saprophytic types that, as should be expected for 
saprophytes, the weakening or wounding of the host favors the en¬ 
trance of the parasite. In such cases, not having developed high 
mutualistic specificity in its relations to its host, the parasite acts only 
by enzymatically softening and corroding its tissues and thus ulti¬ 
mately destroying them. Parasitic fungi in their cell relations with 
their plant hosts are found to form a series from the least specialized 
semi-saprophyt.es to the most highly specific obligate parasites. 
There is evidence that a similar .situation is more or less common 
among animal pathogens. It is obvious that carefully controlled and 
intensive cultural methods leading to the utmost vigor of the crop 
plant may favor its escape from disease in the one case while such 
treatment will be entirely without eflfect or may favor the pathogen 
in the other. It is the field of c\i:ology in its relations to plant dis¬ 
eases to discover the fundamental facts as to the varying cellular re¬ 
lations between host and parasite as a basis for the most rational 
procedure in the development of protective measures. 

The major crop-plants may be thrown into the commonly accepted 
grouping of those grown for forage and those grown for their seeds 
and fruits. It is obvious that the second group far outw^eighs the 
first in the specificity of its significance to mankind how^ever it may 
be with tonnage in the production of butcher .stock. It is the great 
outstanding fact for the agriculturi.st that the basic staples of human 
dietaries are the seeds of the cereals; including, of course, rice, the 
millets, etc. This being the case, it is equally obvious that in the 
last analysis it is the sexually reproductive seed-jiroducing function 
of the plant which is of most importance in all schemes of agricultural 
practise. That this fact is only vaguely realized in much experi¬ 
mentation will, I think, be generally agreed. In fact, investigators are 
only now beginning to distinguish between growth and refircduction 
in experimental methods and to endeavor to test directly their com¬ 
plicated interrelations. Of course, it has long been known and endpa- 
vors have been made to provide in fertilizers for such obvious differences 
as those between grain and straw when chemically analyzed, and 
search is now being made for the limiting factors, whether involving 
feeding or heredity, nurture or nature, which determine maximum 
grain production with minimum necessary straw production. This is, 
of course, the very essence of the farmer's problem. It is, in the last 
analysis, a problem in the interrelations of the processes of asexual 
multiplication of cells by division and sexual reproduction by cell 
fusion. 
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With the problem thus presented in its essential elements one is 
confronted with a curious situation as to the relation of the various 
divisions of plant science in their attack upon it. Seed production is 
certainly a physiological function of the plant, but in the literature of 
plant physiology there are only the most casual references to it. 
If the functions of j^lants be classified from the stand])oint of the 
activities of their cells there may be recognized roughly three groups: 
r. functions of nutrition and growth or metaboli.sm; 2. functions of 
response to environmental stimuli or irritability; 3. functions of re¬ 
production both sexual and asexual. The standard manuals of plant 
physiology treat almost exclusively of metabolism and plant response 
to the entire, or almost entire, exclusion of reproduction. 

Pfeffer’s great manual, by the limitation specified in its title, treats 
only of metabolism and of the energy relations of plants in growth, 
with little or no reference to reproduction. Dr Barnes remarks 
that, since reproduction is treated so fully under the head of mor¬ 
phology, it is unneceSwSary to discuss it further under the head of 
physiology. Bayliss, in his great treatise on what he calls general 
physiology, deals almost wholly with the physiology of metabolism, 
nutrition and respiration, excitation and inhibition, secretion, etc., 
and with the special ])hysiology of the nerve us system, muscular 
system, circulating system, etc. Re])roduction is given a little over 
one page and heredity two or a little more of the Si6 pages in the 
book The j^age on repnxiuction is partly given to regrets that the 
“sexual ])roccss .should have become the subject of unseemly jesting.” 

Turning to the cytological manuals wc find them quite as exclusive¬ 
ly devoted to the functions of cellular reproduction, both sexual 
and asexual, and not ])retending to cover the field of cellular ac¬ 
tivities in all their asj)ects. An exception is to be noted in the new 
book by Meyer, entitled “The Physical Analysis of the Cell.” This 
work, in the volume issued, limits itself just as predominantly to the 
phenomena of cellular metabolism. It is to be hoped that this is the 
forerunner of books w^hich may aim to ]jresent, in well balanced form, 
the whole field of cellular organic functions; in which neither meta¬ 
bolism nor reproduction shall be treated as representing the whole 
or the dominating phase of life phenomena. 

The explanation of this division of the field between the so-called 
cytologists and the so-called physiologists is, of course, ver\" simple. 
The physiology of the manuals uses ahnost exclusively the methexis of 
chemistry and physics. The processes of reproduction have been 
almost wholly worked out by the methods of cytology. The physi- 
olog}’ of reproduction stands first as the field of work of the cytologist, 
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and it is here that the great cytological contributions have so far 
been made and are being made. 

The problems of the plant breeder fall into two simple groups: 
first, to produce new improved varieties with any desired combina¬ 
tion of qualities; and, second, to be able to maintain these new types 
and propagate them on an unlimited commercial basis. In both 
these lines, as is true in so many fields of human activity, practice 
long antedated theory and, we may say, was perfected in spite of all 
sorts of false theory, as witness Nehemiah Grews fantastic explana¬ 
tion of the nature of grafting. That a rich harvest has been won by 
cytological methods in the whole field of plant breeding and propa¬ 
gation is obvious. With the discovery of the paired birth of the 
daughter chromosomes with each new cell division, the possibilities 
and the limitations of all the various methods for the vegetative 
propagation of fruit trees, small fruits and berries, are established 
on the firm foundation of an understanding of the very nature and 
meaning of the complex cellular processes on which they depend. 
A flood of light was thrown on the underlying cell functions which 
are the basis of the established methods of the horticulturists by the 
discovery by Strasburgcr and his colleagues and followers of the 
chromosomal complex with its marvellous fixity of number, size, form 
and even spatial interrelations in the plant cell. These discoveries, at 
a stroke, made clear the functional basis of those age-old practises of 
vegetative propagation in use by all gardeners and horticulturists and 
on which practically all commercial fruit production is based. 

However, the' subject still presents many problems. In recent 
practise bud variations are being made more and more the material 
for selection in the eflPort both to improve and standardize established 
types. Does repeated bud selection in the case of vegetatively 
propagated stock tend to reduce variability? Can bud selection be 
made the basis for obtaining permanently improved types? Is there 
such a thing as clonal degeneration independent of the intervention of 
a pathogen or climatic inadequacy? With the greater refinement of 
modem horticultural methods and the demand for a genuine standard¬ 
ization of types in commercial fmit production, the solution of these 
problems becomes more and more pressing. 

That the study of the processes of e'en division should reveal a 
mechanism so perfectly adapted to maintain at least a high degree of 
constancy of type through generation after generation of vegeta¬ 
tively propagated individuals is the best of evidence that cytological 
methods are adapted to and reliable for the investigation of the 
fundamental functions of the plant. The mechanism for the main- 



harper: cytology 


6oi 


tenance of constancy of type has been discovered. Will the same 
methods make possible the solution of the perplexing problems of 
variation and deterioration? The cytological study of sexual repro¬ 
duction has led to the discovery that seed production is initiated by a 
complex process of cell fusion extending to and ultimately involving 
the mating of the homologous pairs of chromosomes as found in the 
diploid cell. The cellular processes which lie back of the breeders 
long-practised art of crossing and selecting are thus made clear. 

The details of the processes through which the germ plasm passes 
in sexual reproduction have been most laboriously worked out and 
the behaviour of the chromosomes in the reduction division has been 
vShown to be a matter of vcr>^ great complexity. Their histor>^ is in¬ 
itiated by the appearance of the paired chromatic spirems. Then 
follows the contraction into the synaptic knot, the formation of the 
thick pach^^ncTne spirem, second synapsis and the final emergence of 
the tetrad chromosomes ready for the chance distribution of their 
units to the germ cells. Granting that there is uncertainty as to the 
facts at many points, vStill the whole constitutes a body of cytological 
data of the first magnitude not only in their relation to the ])henomena 
of reproduction and heredity but in their bearing on the fundamental 
nature of all life processes. 

DeVries, in 1903, pointed out the correspondence between these 
phenomena, laborioush* worked out by microscopic methods, and the 
familiar obserA^ations of the plant breeder in hybridizing for the pro¬ 
duction of new varieties. It was this striking j)arallelism between the 
behaviour of the germ plasm in chromosome reduction, fertilization, 
pairing, and the diploid condition of the sporojiliyte, and the long- 
known facts of constancy in first generation hybrids with breaking up 
in the second generation, or (as it is now expressed) segregation 
and recombination of factors in the so-called Mendelian ratios, which 
initiated and has continued to stimulate the great interest in the 
experimental study of heredity which has characterized the last 
two decades. 

I shall not go further into this problem of the cellular basis of 
heredity and variation. So much has been achieved, so much is in 
question, and so much has been promised, that it must remain for the 
future to show whether the discover}^ of Mendelian conceptions and 
their further modifications has provided as clear and cogent explana¬ 
tions of current practises in the breeding of new and improved 
types through sexual reproduction as the older cytological study has 
given of the basis of horticultural practise in the maintenance and 
propagation of new and improved forms when once they have been 
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produced. Advance has been so rapid that cytologists and geneticists 
alike may plead extenuating circumstances if there appears some 
evidence of intoxication with the wonder of these discoveries. 

I wish next to speak of the great importance of further and funda¬ 
mental studies in microchemistry—the application of quantitative 
chemical methods to the problems of the individual cell metabolism. 

It is to be noted at once that relatively little progress has been 
made in these lines in recent years. The newer manuals, like those 
of Tunmann and Molisch have little to add to what was to be found 
in their predecessors. It is becoming increasingly evident that 
new and more refined methods of microchemical analysis must be 
found in order to study successfully the processes of assimilation and 
excretion, food use and food storage, from the wStandpoint of the cell 
cycle. No one will question the great practical significance of ])rob- 
lems whose solution may ultimately give us more exact data in 
terms of standard units of the cost of production of our great agri¬ 
cultural staples. 

In urging the importance of a more exact knowledge of the kind and 
amount of materials used and products formed in terms of cell con¬ 
stituents, I am proposing no new problem. The fertilizer tests, the 
variety tests, the rotation tests, and the soil analyses made at the 
agricultural exj)eriment stations have all had in view the aim of 
standardizing the methods of crop jjroduction. Very important re¬ 
sults have been achieved and much useful advice is now available to 
the farmer as to how to feed his crops and how to select the most 
productive varieties. But in spite of all the progress that has been 
made in developing a so-called rational system of agriculture we are 
still far from being able to compare different staple crops or different 
methods of crop production in terms of unit requirements of raw 
materials, work done, and finished products. 

Exact quantitative data as to the rate of carbohydrate formation, 
under specified conditions of illumination and CO2 supply in the much- 
studied process of photosynthesis, are still lacking. Neither the older 
work of Sachs nor the later studies of Browne and Escombe have 
yielded results which can be made the basis of practical applications. 
The recent extensive studies on the salt requirements of crop-plants 
have yielded no decisive quantitative data. There is still disagree¬ 
ment as to the rate of increase in growth and total production which 
will result from increasing by successive definite increments any nutri¬ 
ent, even when this is, in the ordinar>" sense, the sole environmental 
limiting factor. There are, of course, those who discredit the possibili¬ 
ty of ever standardizing processes in which the behavior of a living or- 
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ganism is involved. It seems to me, however, that in this connection 
cytology has a contribution to make, both as to the theoretical 
possibilities and as to the practically available lines of advance on the 
problems involved. As to the theoretical possibility of obtaining 
such data, it seems to me there is general unanimity among students 
of the cell that however widely we may diverge in our opinions as to 
the ultimate constitution of protoplasm there is practically unani¬ 
mous agreement that the cell is a mechanism. 

The rate of growth, the food requirements, the temperature re¬ 
lations, etc., of the growing cell are all to be measured in terms of the 
ordinary j^hysical forces and chemical transformations as they appear 
in unorganized materials. The doctrine of the existence of a so- 
called vital force has been finally disproved. I'he so-called “neovital- 
ists” are all careful to affirm that the existence and operation of the 
controlling ])rincij)les which they invoke are in no way incompatible 
with the principle of the energy balance in the total income, outgo and 
work done of a living organism. In the light of the available data 
it is possible to discriminate between the ultimate problems as to the 
nature and constitution of the cell mechanism and the ]:)roblems as to 
the rate and efficiency of its o])cration. 

Since Virchow’s time, scientists have recognized, theoretically, 
the facts but no one has practically applied the conceptions of the 
cell theory in studies of plant feeding and gnmdh The units of pro¬ 
duction in all the life and growth jirocesses of the plant are the indi¬ 
vidual cells. In studies of crop prfiduction investigators, for the most 
])art, have been regarding the plant, such as the wheat plant, the 
potato plant, llie ap]jle tree, etc . as the unit of growth and fruit or 
seed ])roduction, with too little attem])t to distinguish the varying 
requirements of each operating cell unit, its s])ecial location and the 
particular servn’ce required of it in the plant as a whole. 

I'hc plant is a comidex of feeding, growing, and finally self-re¬ 
producing units, the cells each working under a particular set of lc>cal 
conditions which limit in specific fashions the attainment of its 
greatest effectiveness. The gro\\i:h rate and production of the entire 
plant gives only a generalized and uncritical picture of the real con¬ 
ditions of effectiveness for the cells themselves. The requirements of 
each tissue or organ constitute limiting factors for the organism as a 
whole and the requirements of the individual cells as such constitute 
limiting factors for the tisvsue or organ in which they are. This fact is 
coming to recognition in the attempts which are now being made to 
study independently the growth rate, chemical constituents, en¬ 
vironmental requirements, etc., of special parts of the plant, such as 
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the fruit spurs in an apple or pear tree, or the temperatiu'e require¬ 
ments of roots as contrasted with leaves, etc. 

The importance of such studies as bearing on cultural practises in 
crop production cannot be overestimated. But it is obvious that 
such approximations to the study of the cells themselves can only 
have a relatively greater significance than similar studies on the entire 
plant. What is required, it seems to me, is, as I have noted, a quan¬ 
titative study of the cell metabolism itself. 

In a word the difficulties which limit advance lie in the minuteness 
of the unit amounts of the indefinitely numerous chemical compounds 
whose transformations in the aggregate express themselves in the 
visible processes of growth and fruit production. The mechanism 
whose efficiency should be standardized lies in the realm of the micro¬ 
scopically minute. Such suggestions as this may seem wholly im¬ 
practical and to belong to the domain of fancy rather than that of 
careful, feasible, scientific research. But in the formulation of prob¬ 
lems the real desirability and value of the solution sought is a thing to 
be considered, as well as the likelihood of its immediate attainability. 
The fact that progress in these lines of micro-chemical research has 
been slow is to be set over against the fact that all fundamental re¬ 
search on the processes of nutrition and growth seem to lead back 
inevitably to problems in one or anothei of the aspects of micro¬ 
chemistry. The food salts in soil moisture are apparently in extreme 
dilutions. The percentage of such essential and significant elements 
as phosphorus and sulphur in the total weight of a tissue is ver\’ low. 
The kelp is able to accumulate in its protoplasm appreciable amounts 
of iodine from the almost chemically unrecognizably minute amounts 
of iodine in sea water. Unquestionably, the greatest recent advances 
in the study of cell metabolism have been made first in the discovery 
of enzymes with their specific relations to a vast variety of cell pro¬ 
cesses; and, later, the discovery of the so-called hormones and vita- 
mines. All of these are substances which are active in dilutions so 
extreme as seemingly almost to defy the possibility of chemical recog¬ 
nition. The amounts of these substances necessary to affect vitally 
the activities of a single cell are minute beyond the powers of chemical 
description. Yet it is in this order of magnitudes that the essential 
life processes are expressed. These problems require not merely the 
qualitative and quantitative recognition of the elements as such, but 
the ability to discriminate chemically the numerous proteins, the 
sugars and pentosans, the simple fats and the lipoids. 

That the possibility of identifying the elements as such in the 
minute amounts in which they are present in a single cell, regardless 
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of their specific combinations in any given case, would be of vast 
significance is, however, shown by the interest awakened some 
years ago by the claim of the discovery of a method for the micro¬ 
chemical recognition of potassium, iron, phosphorus, and chlorine in 
the cell. Many suggestive observations and bold hypotheses as to 
the nature of the permeability factors for the cell wall and plasma 
membrane are awaiting for their confirmation the discovery of a 
method for the determination of the amount and distribution of 
calcium in the protoplast and the cell boundaries. Yet it seems to me 
to be true that the hopelessness of any advance on the problems of 
metabolism along microchemical lines is so great that not only little 
attempt is made in this direction but workers arc so obsessed with 
the methods and viewpoints of macrochemistry that microchemical 
data remain in some cases unregarded. This is true, it seems to me, 
in the study of photosynthesis. The methods of attack on this 
problem have become almost formally stereotyped in the line of the 
chemical stud\^ of the breaking u]), reuniting and polymerizing of 
carbon dioxide and water under the sensitizing influence of chlorophyll. 
As a result, the microscoinc evidence that in a great series of plants 
whic'h have pyrenoids the starch grain begins as a segment of this 
I^resttmably protein material is wholly overlooked. 

In this connection it i,s interesting to note that Brunswick in a very 
recent paper on the “Limitations of IMicroehemical Methods in 
Biology” (Die Nalurwiss , Nov. 2, 1923) reaches the conclusion 
that the ordinary methods of chemical procedure by precipitation in 
cry^stalline fonn of the substance sought are not sufficiently sensitive 
to permit the detection of the amounts of the common kations, much 
less of the amino-acids, proteins, etc., which are found in the single 
cell. He concludes that (considering a very- favorable case) KCl 
would have to reach a concentration of 0.2% in order to be detectable 
in the cell protoplasm. In the majority of cases, the cell sap would 
have to be a 20% to 50% solution of the salt in question in order to 
give a positive result. This is, of course, as Brunswick notes, merely 
reducing to mathematical forms of expression the ordinary experi¬ 
ence of all those who have attempted to study directly the quantita¬ 
tive make-up of protoplasm as found in the living cell. What is 
needed are methods of analysis sufficiently sensitive to enable one to 
attack the problems presented by substances in amounts of this 
order of magnitude. Brunswick admits that what he calls the physic¬ 
al methods of staining, etc., are not subject to the limitations of the 
precipitation methods and it is with the staining methods that the 
advances in knowledge of cellular reproductive methods have been 
made. 
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The feeling expressed by Brunswick that further progress along 
the lines of the microchemical study of the cell is practically im¬ 
possible is, I fear, widerspread and yet it seems to me equally clear (as I 
have already emphasized) that there is no field in the whole realm of 
the biological sciences regarding whose fundamental importance there 
is such general agreement. There is no other field in which new 
facts and new methods would be more significant and more illitminat- 
ing as to the truth or falsity of the conclusions which are reached in all 
other lines of j>hysiological, pathological, and genetical research. 
What would it not mean in fertilizer practise if it W'ere possible to vSee 
and dilferentiate in the egg and male cell the exact kind and amount of 
chemical compounds which accompany reproduction as contrasted 
with vegetative growth! Tt would be vastly ilkmiinating if one 
could with certainty recognize the amounts and kinds of the amino- 
acids at each stage in cell growth as they combine to form the cell 
proteins, or if one could even trace visibly the series of transition 
compounds which accompany fat assimilation or fat storage as found 
in the plant cell One can hardly conceive ainlhing more important 
than the i)OSsibilit>' of recognizing in the cc‘l]s themseh'cs miero- 
chemically the presence and distribution of catalyzing, regulating, 
and mobilizing substances Tlie whole study of ])lant nutrition 
would be placed on a firmer foundation if it were jxissible to follow 
visibly in the cell the appearance, distribution, relati\X‘ amounts, 
etc., of the materials which by macrochemical methods of analysis 
have come to be considered essential for the j^rocesses of growth and 
fruit production. 

To turn to another field, geneticists are .specially in need of methods 
which would enable them to test directive the chemical similarities 
and dissimilarities of different chromosomes and much more the 
evidence for the presence of different chemical comj)ounds aiTanged 
in serial order in the same chromosome. In general, one can hardh' 
imagine any field of experimental biological science w^hich would not 
gain immensely by advances in the field of microchemical methods of 
analysis. 

I will conclude by noting a comparison which may seem quite as 
unconvincing as my attempt to state the intangible and almost fanci¬ 
ful problems of the microchemistiy^ of the cell. The situation is with 
students of the chemistry of the cell mutatis mutandis as it was with 
the astronomers before the development of spectroscopic methods for 
the identification and further study of the chemical constituents of 
the stars. I'he factors of cosmic evolution, of star growth and deca¬ 
dence, were as much beyond the realm of study of the chemists be- 
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cause of their immensity as are the phenomena of cell growth, ma¬ 
turity, and decadence because of their minuteness. The vast new 
fields of observation and interpretation which have been opened up 
with the utilization of spectroscopic methods in astronomy suggest 
the ])ossibilities which would emerge with the discovery of relatively 
equally effective methods for the chemical study of the microscopical¬ 
ly minute 


5. BIOCHEMISTRY^ 

Ross Aiken Gortnhr- 

Agriculture is the basic industry^ of the world All of the activities 
of mankind can, in the last analysis, be translated into the bushels of 
grain and ])ounds of meat whicli are necessary to supply his cnerg3^ 
More tlian one hundred years ago, Malthus in his ‘'l^ssa\' cm the 
rrinci])le of Pojmlation” stated that, “The i)ower of (increase in) i)op- 
ulation is indehnitc'ly grcciter than the power of tlie earth to produce 
subsistcni‘e for man “ Pc^arl {lY has rcccnth' had occasion to re¬ 
examine the problem whic'h troubled Malthus and states, “Jt will 
a])pcar with startling emphasis that nothing which has hajipened 
since jygeS lias in tJic least degree mitigated or vSoftened or altered in 
an 3^ true sense' the relentless insistence of Malt bus’s logic. Gn the 
contrary', the developments of the last century have made it far 
plainer even than it was to so clear visioned a major prophet as he 
was, that the ])o])ulation of the world cannot go on increasing at 
anything like the rate of growth that has ]:)rcvailed in the jiast more 
than a short time longer.” East (2) points out that the normal in¬ 
crease in po])ulalion of the world calls for an additional thiru^-seven 
million acres each \'ear to be brought under the plow. Much of the 
desirable agricultural land is alread^^ under cultivation; in the near 
future more and more (jf the undesirable land must be utilized if the 
world docs not go hungr\v As a biological friend of mine recently 
remarked, “If our grandchildren do not face this proldem, their 
grandchildren certainly will.” 

Taking, therefore, the thesis that agriculture is the basic industry 
of the world because it produces the food of man, and adding to this 
the thought that, within at the most a few short centuries, the food 

^Paper read as a part of the symposium on “Research Fundamental to the 
Solving of Crop-plant Problems,” at the meeting of the Society held in Cin¬ 
cinnati, December 28, 1923. 

*Professor of Agricultural Biochemistry, University of Minnesota, St. Paul. 
Minn. 

•Reference number is to “Literature Cited,” p. 614. 
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^available will limit population, it is wise to take stock of the present 
supply of knowledge and to endeavor to find new tools which may 
be enlisted in the service of agriculture. It is my firm conviction 
that one of the most potent tools lies in the application of our knowl¬ 
edge of biochemistry to problems of agriculture. 

Agricultural chemistry in America is largely the outgrowth of the 
development of our agricultural colleges and experiment stations. 
In many instances, the work in agricultural chemistry has been 
sharx^ly delineated from that in so-called chemistry, in that 

the agricultural chemist is supposed to attack only economic prob¬ 
lems which appear capable of solution No doubt, this requirement 
has prevented in many instances a solution of the problem, for the 
theoretical basis which must precede the practical application was 
unknown or imperfectly understood. 

On the other hand, the so-called “pure” chemivSt may be even more 
incapable of applying his theoretical knowledge to agricultural 
problems, for, while he knows the theory he may not recognize or 
understand the problems which arise in actual practice, or he may 
not recognize the barriers which limit the application of laboratory 
knowledge to agricultural practice. The agriailtural chemist should 
be more than a chemist; he should have a rather broad knowledge of 
the fields of animal biology and botany, a rather detailed knowledge of 
cell structure and function, and above all an absorbing interest in 
every phenomenon which is or may be involved in living processes, 
for in the last analysis agricultural chemistry is more truly biological 
chemistry than is the pathological chemistry which is often mis¬ 
named “biological chemistry'’ in the curricula of our medical schools.^ 

We live in an age of wonders, an age in which miracles happen 
every day and yet produce no comment! Even the younger men 
among us have seen more startling discoveries witliin their short 
lifetime than were revealed to generations of their forebears. The 
automobile, wireless telegraphy, the aeroplane, radio, radium, and 
the transmutation of the elements are only outstanding landmarks in 
the general progress of science. The scientivSt is no longer pictured in 
the popular imagination as a sorcerer in league with the powers of 
evil. Less than two centuries ago the first chemical laboratory in 
America, at Yale, was a secret basement room, entered through a 
trap door in the floor so that it might not be publically known that the 
“Black Art’’ was being practiced. Today in the popular imagina- 

<The above paragraphs are essentially identical with the Opening paragraphs of 
an address by the author on *‘The Application of Colloid Chemistry to Some 
Agricultural Problems’' delivered before the Colloid Symposium at Madisoni 
Wisconsin, June, 1923. 
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tion and in reality the scientist is slowly rollin^j back the curtain of 
ignorance and superstition and is placing in the hands of mankind 
powers beyond the wildest dreams of the imagination of a generation 
ago. 

And just as there has been an alteration in the attitude of the 
public toward the scientist, so has there come about an alteration in 
the attitude of the scientists toward each other. They have come to 
realize that the scientific paths, which a few years ago seemed so far 
apart actually have come close together and at last have merged into 
a great highway of cooperation and progress. No science is sufficient 
unto itself. This is particularly true of those sciences which are con¬ 
cerned with life and living processes. All of the available informa¬ 
tion of all of the sciences is still far too little to solve many of the 
problems of life which appear capable of solution. The first and 
greatest need in agricultural colleges and in experiment stations, if we 
are to progress as we should i)rogress, and if we are to do our part in 
the i^resent economic crisis, is to permeate our research staffs and 
our extension forces with the spirit of cooperation. Just so long as a 
single research worker reserves for his own selfish purposes infor¬ 
mation or assistance which may aid a brother scientist in a solution of 
his problem, just so long will we fall short of the ideal which we 
should attain. It is for this reason that I say that the agricultural 
chemist must be more than a chemist, that he should have a rather 
broad knowledge of the fields of animal biology and botany and 
above all an absorbing interest in every phenomenon which is or 
may be involved in living processes, for he must cooperate with the 
biologist, he must see agricultural problems in their economic as well 
as in their scientific asj^ccts, and he must realize that just as a group of 
isolated cells do not make a complete organism, neither do a few 
isolated research workers mcike a real Agricultural Experiment 
Station. 

I may perhaps be criticized when I say that agricultural .science 
depends in the last analysis on the principles of physics, chemistry, 
and mathematics, but I firmly believe that when the last chapter is 
written in biology, it will be written in terms of physics and chemis¬ 
try as expressed in mathematical formulae. This does not mean 
that the botanist, zoologist, geneticist, physiologist, and pathologist 
will be relegated to the limbo of the obsolete, but rather that as they 
progress in their respective fields, they must cooperate more and 
more with the physicist and chemist in the study of their materials. 

I have been asked to consider some of the outstanding problems 
which the chemist may assist in solving and which must be solved in 
the near future, if the agricultural program is to go forward. 
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In the first place there are the vast areas of arid and semi-arid 
land which either lie idle or else furnish only a scanty range for animal 
production. Nature has endowed certain types of plants with a 
mechanism which permits them to persist under conditions of ex¬ 
treme drouth and to grow rapidly when the scanty rainfall comes. 
A study of the mechanism possessed by these plants may yield a 
clew to a laboratoiy test for drouth resistence, so that the present 
economic waste of the time of the plant breeder and aeronomivSt may 
be greatly curtailed. At present, a great number of hybrid plants are 
grown in varied localities in order to determine which ones are adapted 
to that particular region. Out of thousands of individual plants and 
years of patient labor, only a few selected strains, at the most, sur¬ 
vive and are recommended for propagation. If one could eliminate, 
by a laboralor>’^ test, the thousands of plants which must fail, there 
would be sa\^ed large .sums of money and much effort which could be 
expended in enlarging our agricultural program. Such a project may 
appear visionary, but its iiossibility is evidenced by the fact that a 
laboratorx^ test has been recently devised for winter hardiness in 
wheats (3 and 4). There is now available a method for (’omparing 
the relati\^e winter hardiness of a series of wheats under identical 
conditions and of testing hybrid wheals without resorting to long and 
expensive field trials. If it is possible to eliminate only nineU’ jier 
cent of those hybrids wliich are wo^z-hardy, there can be concentrated 
on the remaining probabh^ hard\’ hybrids all of tlie research workers’ 
time and energ>^ and all, of the usually too few, field ])lots of the 
experiment station. Such laboratory tests would likewise make 
]jossible the breeding and testing of plants for winter hardiness and 
drouth resistance at experiment stations located in regions wdiere the 
climatic factors did not favor elimination of the unfit in field tests. 

Another problem of the arid and semi-arid regions concerns animal 
production. Over a very considerable protion of this area, the water 
is alkaline, saline or brackish. Certain evidence afipcars to indicate 
that the salts present in such waters interfere in a marked degree with 
nonnal metabolism, growth and reproduction. It is a rather re¬ 
markable fact that while the “antagonism of ions” has been studied 
from the standpoint of water cultures of plants and for developing sea 
urchin and star fish eggs, practically nothing is known about “antag¬ 
onism of ions” as a possible influence in animal production. A 
study of this field is already projected at one experiment station and 
should yield valuable information from the purely scientific, as well 
as the practical, standpoint. 

The production of new and better insecticides and fungicides will 
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assist in increasing the yields of farm products per unit of area and of 
labor. Some notable advances have been recently made in this 
field where the newer theories of colloid chemistiy have been applied. 
It has been shown (5) that a pcjsitively charged collodial particle 
will adhere to a leaf surface (negatively charged) with great tenacity 
and that if a jiositively (’harged arsenical is used to s])ray the young 
leaves, there will still be sufficient arsenic on the leaves which are 
ready to fall from the tree at the end of the season to kill leaf-eating 
insects (6) The same jjrinciple has also been applied to fungicides 
with essentially identical r(‘sults (7). 

It is preparations of this t>])e that may seiwe for the ]m)tecting of 
forests from th(‘ various jjlant ])ests. It may be jiossible to control 
e])idenii('S o\'er large areas b\ the use of an aeroplane and projierly 
jm‘])ar(‘d insecticides, insecticides which will adhere so tenaciously 
that a single hglit apfilicalion will protect throughout the entire 
growing season. It is a rather interesting fact that the scientist not 
fully (‘onversant with all as])ccts of the problem may be wrong in his 
reasoning 'I'he statement has often been rnadt* b\ fanners lhat the 
£irseni('als of recent manufacture are not as elTecti\’e as were the ])re])a- 
ra1ic)ns of fiftec'U and twenty years ago The chemist has proudly 
jiointed out that the l£irmer was wrong, that the insecticides are 
])un'r and contain more arsauc than ever before, and consequently 
must be better. As a mcitter of fact, the fanner was jirobabh'^ right, 
f(Ji pure lead arsenate has a negative charge and easily washes from 
the letif whereas ci basic k\ad arsenate, containing less arsenic, carries a 
])ositive charge and ii<lheres much better. 

The field of c'creal chemistry and bread manufacture offers prob¬ 
lems at vwry hand Many fanning areas ] iroduce wheal s whic'h do not 
])ossess the most desirable bread-making qualities, 'fhere is urgent 
need of standards for wheat and flour quality which will re])lace the 
more or less nile-of-thimib methods which are now used in cereal and 
bake-shop laboratories. 

The low yields in the spring wheat areas, together with the increased 
cost of labfir and fann machiner\', present a serious economic ])rob- 
lem at the jiresent time. Sooner or later the relativelx' low yielding 
hard spring wheats must be more or less completely replaced with 
the higher yielding but softer winter wheats. The problems of pro¬ 
ducing desirable bread from the softer wheats is a problem to be 
solved by the cereal chemist, working in cooperation with the man¬ 
agers of the large bake shops. The utilization of the durum wheats, 
particularly adapted to dryer areas, is akso a problem which should 
receive careful consideration in chemical laboratories. 
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The role of the biochemist in the field of nutrition is so evident as to 
need only passing mention. Much has been accomplished within 
recent years, but much more remains to be done. The health of the 
nation and the future of the race are intimately associated with the 
projects of nutrition laboratories. 

As the day approaches when the food supply which the world can 
produce is the limiting factor in growth of population, human beings 
will more and more depend upon the vegetable kingdom as the source 
of energy and of protein for maintenance and growth. Present 
methods, while satisfactory from the dietary standpoint, are ex¬ 
tremely uneconomical from the standpoint of the problem of feeding 
a hungry world. 'lYowbridge (8) has pointed out that an average 
acre will produce about i960 pounds of corn and that if this corn is 
fed to swine it will produce 289 pounds of pork fit for human con¬ 
sumption and this 289 pounds of meat will contain 19.9 pounds of 
protein and 116 pounds of fat. In feeding the corn to hogs, there has 
been a loss of 184 pounds, or more than 90 percent, of the protein, a 
loss of 1360 pounds of carbohydrates, and a gain of only 18 pounds of 
fat in converting the corn into pork. Only 16.2 per cent of the 
digestible nutrients of the corn has been returned as human food! 
This figure is practically the same when the calculations are made for 
beef cattle feeding. Eventually, the grains must be utilized by man, 
and the meat suppty be derived either from animals which are able to 
convert roughages not utilizable by man, such as hay, straw or corn 
stover, into human food, or else from the sea and inland lakes and 
streams. An intelligent policy of fish preservation and propagation, 
laws regulating stream polution and a survey of marine resources 
should be undertaken in the immediate future. The agronomist and 
the chemist must work together in the development of crops capable 
of being directly utilized as food ^or man. The vegetable proteins 
must be studied to determine whether or not they are adequate for 
maintenance, growth and reproduction, and the public must be in¬ 
telligently educated in the essential principles of nutrition. 

The agricultural chemist, with his intimate knowledge of the proc¬ 
ess operating in living tissues, may assist in the solution of many 
problems vexing the industries. The following rather striking illus¬ 
tration of such cooperation was recently brought to my attention. 
A company manufacturing sorghum S)mip had experienced great 
difficulty in the filtration of the juice after defecation. Large filter 
presses had been installed and tons of diatomaceous earths were used 
yearly to hasten filtration, but the rate of filtration was still the de¬ 
termining factor in controlling production. The collodial constit- 
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uents of the juice which prevent rapid filtration were broken down 
by a suitable enzyme preparation suggested by the agricultural 
chemist. Filtration was enormously speeded up, only half the num¬ 
ber of filter presses was required for a given volume of juice and the 
decreased consumption of diatomaceous earth not only paid for the 
extra expense of the enzyme treatment but produced a net saving in 
excess of $2,000 per season. 

Of a host of other projects which might be mentioned, only one will 
be chosen, namely, the utilization of the waste products of forests and 
wood-using industries, for the forests are one of the most important 
agricultural crops. America has been called the land of opportunity. 
It might equally well be called the land of appalling waste. Ameri¬ 
cans have been reckless with the heritage which nature provided, 
have believed that the country’s resources were inexhaustible; 
but the day of disillusicmment is already at hand, and the coimtry is 
face to face with the problem of a future timber supply. Many of the 
grccit timber-exporting states of twenty years ago are now importing 
more wood than they produce, and yet only 40 to 50 percent of the 
timber which is cut yearly is actually utilized by man. The remainder 
is wasted, either burned, or what is still worse, left as slashings upon 
the ground to increase the fire menace of our forest areas. All of this 
waste wood contains \’aluablc chemical products Research is 
necessary in order to provide for their economic production, and such 
research is iust as much a function of the agi'icultural experiment 
stations as are problems concerned with the sugar beet or the cereal 
grains. An old cartoon of Napoleon shows the Prince of Rome being 
given a sugar beet with the cax)tion, “vSuck baby suck! Your daddy 
says it’s sweet’” The agricultural chemist and plant breeder have 
made the sugar beet an agricultural asset. Why should not the 
chemist succeed again in the economic utilization of our industrial 
wastes 

The World War bequeathed to the nation an enonnous debt, the 
cost of living has increased by lea])S and bounds, taxation has in¬ 
creased from year to year. The only way by which it will be possible 
to pay national, state, and municipal debts is to impro\^e methods or to 
curtail waste and turn it to profit. This applies to land areas, to 
forests, to mines, to factories, and to farms. This is, and for many 
generations will be, an agricultural nation, and so long as it is an 
agricultural nation there will be need for agricultural experiment 
stations to ascertain new truths and better methods in the applica¬ 
tion of scientific principles to agriculture. 

I will close as I began with a plea for the sympathetic cooperation 
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of all scientists in the problems which are before us. We have only 
begun to realize that the problems of the botanist, the zoologist, and 
the chemist are in many instances only different x^hases of a larger 
whole, and that the entire research program may be greatly stimu¬ 
lated by the help which our research workers can give each other. 
Research j^rogresses imder the spirit of cooperation not in an arith¬ 
metical series but in at least a geometrical ratio. 
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6. GENETICS' 

H. H. Love’^ 

The purpose of the research conducted by the various agricultural 
experiment stations is, or ought to be, primarily concerned with the 
production, utilization, or conservation of the food supply That the 
field of genetics ma}" have a share in this purx:)0sc and does have a 
contribution to make will, I think, be admitted by all. The research 
work in plant genetics has made some very definite additions to the 
solving of problems of production. These are in addition to the 
many valuable new varieties produced by i)lant breeding as the 
result of selection or hybridization. 

In this paper, it will not be possible to give a complete re\dew of 
the fundamental genetic research which may have an effect on solving 
crop problems. Any omissions are due to lack of time rather than 
any intentional omission and the author trusts that this will be under¬ 
stood. Also, it is x)Ossible that in a short survey of this .subject 

Taper No. 119, Department of Plant Breeding, Cornell University, Ithaca, 
New York. Read as a part of the symjiosium on “Research Fundamental to the 
Solving of Crop-plant Problems," at the meeting of the Society held in Cin¬ 
cinnati, Ohio, December 28, 1923. 

^Professor. 
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certain crop-plants may be emphasized more than others. This is 
partly influenced by the field of work in which the writer finds him¬ 
self engaged. 

Before considering any special types of problems, it will be well to 
consider first the general subject of genetic research. It is important 
to agree that any well planned and thoroly prosecuted j)iece of re¬ 
search on economic plants may establish some very fundamental 
facts. Such facts may be of utmost importance in hel])ing solve some 
problem connected wnth food production. Since this is so, it is im¬ 
portant that all such researches be given encouragement and that 
they be continued and enlarged in the various institutions. 

In this connection, it may be statecl that investigations as to the 
inheritance of various characters of plants and a study of their inter¬ 
relations and linkages may and do fumish some verv^ valuable aids to 
the solving of more practical problems. No one, a priori, can say 
that the results of an in\'estigation will not have any influence on 
agricultural practice. What 1 wish to em]jhasize is that certain funda¬ 
mental researches in ])lant genetics mav hax^e a ver\' firofound effect 
on the food production of the country, eventho at the outset the prac¬ 
tical a])plication may not be considered At the same time it is well 
that those who work in ])lant genetics in the agricultural experiment 
stations do not go too far afield in the planning of their projects. 
I do not mean b\ this statement that the workers should be limited to 
the more prac'tical problems, but that so long as so much needs yet to 
be done with the ec'onomic crops that the research work be eondiicted 
with these crojis if the pioblem under investigation can be solved by 
their use. 1'here may be times when a jirinciple can be worked out to 
better advantage and more economically by the use of some rapid¬ 
growing, short-lived, non-economic jilaiit. It must be agreed that 
research Avork is no less research if it leads to some |:)ractieal result 
than if it does not. It is also well to consider whether it is proper to 
use public funds to conduct research purely for the sake of research. 

Research work in the field of plant genetics has aided pradice in 
two ways. One is b\’ giving some immediate contribution and the 
other is that by conducting some fundamental investigation the way 
has been opened for the solving of some problem of real ])ractical 
importance. 

One of the very important results that has been the outcome of 
research in the general field of genetics has been the contribution of 
methods that may be used in plant improvement. For example, 
some of the early studies on the breeding of corn were disappointing 
in that progress toward the end in view was not so rapid as had been 
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hoped. In fact, in some cases where selection was directed toward 
increased yield, the result was that no gain was made. This led to 
investigations which brought out the fact that com suffers greatly by 
too mucli inbreeding. This caused a change in the method of com 
breeding so that in similar experiments steps are now taken to pre¬ 
vent too close inbreeding. 

An experiment that was planned to study the possibility of changing 
a character by continued selection within a pure line has had a pro¬ 
found effect on the methods used in plant selection. Johannsen 
(i)® was the first to conduct a carefully planned experiment to de¬ 
termine whether a character could be modified by selecting for several 
generations within the offspring of a self-fertilizing homozygous 
race. Johannsen applied the term “pure line” to the plants that were 
the offspring of such a race. The material used by Johannsen was 
beans. He proved conclusively that when one had a pure line the 
type cannot be changed by selecting different types wdthin the line. 

This idea has now been extended to other crops and a number of 
experiments along similar lines have been conducted. An experi¬ 
ment with oats conducted by the author will be mentioned here. 
Selection work was begun with oats to determine whether it was 
possible to change the stature or height by selecting within a pure 
line. A crop of oats was grown and a large number of the plants 
measured, Seed from some of the tall and some of the short plants 
were selected to grow the following year. From this time on, tall 
plants were selected each war from those lines that had been grown 
from tall parents and likewise short plants that had been grown from 
short parents. In other words, selection was made in the two direc¬ 
tions to see whether a new' line could be established by such a method. 
The result was that, after five years of selection, the average height of 
the tall line plants for all the years was 88.5 centimeters and that for 
the short line was 88.1 centimeters. The average height of the parent 
lines for the same time was 94.2 and 68.0 centimeters, respectively. 
Altho there was an average difference of 28.2 centimeters in the height 
of the parents selected, there was practically no difference in the off¬ 
spring from the two types of parents. 

The results of the experiments just cited, and others like them, have 
been the means of changing the methods of practical plant breeding 
when dealing with self-fertilizing races such as wheat, oats, and the 
like. That is, it is now recognized that it is a waste of time and energy 
to continue to select within a line to improve a character or to breed 
one out. 

*Reference by number is to “Literature Cited,” p. 625. 
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A further important fact is that this jjoint immediately empha¬ 
sizes the importance of large numbers in making initial selections. 
Since the first selection is the important one, it is now recognized 
that a very large number of individuals should be selected. For¬ 
merly, selection ex])eriments were begun with too few numbers. 
The effect of this change in method is noticed in the experimental 
work thruout the coimtry. Where, formerly, many experiment 
stations had projects in plant breeding so outlined that new selections 
within the line were made each year, now most, if not all, of these 
projects are changed to conform with the present day knowdedge. 
Here is an example, then, of how an original piece of research which 
was conducted not with the idea of its practical value but rather to 
learn whether selection in i)ure lines would effect a permanent change 
has had a profound effect in changing the methods of plant im¬ 
provement. 

Another contribution made by the general studies in plant genetics 
is that of the value of, and use that can be made of, h^diridization in 
the improvement oi i)lants. All of the studies that have had to do 
with inheritance of plant characters are an aid directly or indirectly. 
Directly, since they show us the mode of inheritance of many charac¬ 
ters, and indirectU’, since they open the way to new investigations. 
It is imT)ortant that as much as possible should be learned regarding 
the inheritance of the various qualitative and quantitative characters 
of ])lants and also their linkage relations. While it may not be evi¬ 
dent at once, it may develop later that knowledge of the behavior of 
one or more characters will be of considerable importance in its 
practical ai)plication. 

Corn is one of the cro])S on which considerable genetic work has 
been done. This crop was used for some of the early research, and 
naturally, one examines this particular field to see what has been 
learned that is of importance in practice. A great amount of data 
has been accumulated as to the inheritance of many plant, ear, 
grain, mid cob characters and the various linkages that exist between 
these different characters. All of this is very valuable. While some 
of this information has not been proven to be of practical importance, 
no one can say but that much of it later may be found to have con¬ 
siderable influence on the practical production of better strains of 
com. It is evident that the more information available on the in¬ 
heritance of the characters in corn the easier it will be to develop 
strains possessing certain special characters if a demand for such 
strains should arise. In this connection, it may be stated that 
considerable work has been done with seed ear characters in com to 
indicate what types should or should not be selected. 
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Genetic work on com, however, has led to a very important con¬ 
tribution to the knowledge of the effect of inbreeding in com. As 
mentioned earlier in this paper, the early work with com was planned 
without any reference to inbreeding. The invesitgations of East (2), 
Shull (3), Hayes (4), Jones (5), and others, however, have shown 
very definitely how by continuous self-fertilization the vigor is 
greatly reduced. The reduction in the size of plant is very rapid for 
the first two or three generations and then not so marked afterwards. 
Another feature of these inbred strains is that they tend to become 
more homozygous as the inbreeding continues. That is, the different 
plants from the same line are less variable than before inbreeding 
occurred. 

However, when certain of these inbred strains were crossed with 
each other, it was found that the plants produced were very much 
more vigorous than were the parent varieties from which the inbred 
strains were selected. The plant is much larger than the parent 
variety and the yield of grain considerably increased. Another 
very important fact, is that these plants are more uniform than 
those of an ordinary variety. The yield of those crosses between the 
inbred strains may be increased, as Jones has shown, by again crossing 
the first crosses together or producing what he has called a ‘'double 
cross.” The yield of a cross between two inbred strains maintains 
itself fairly well for the first two years, then a gradual decrease occurs. 

The increase in yield between certain inbred strains in this work is 
so marked that it seems possible that a method for the production of 
high yielding seed com on a large scale can be developed. Further 
investigations are necessary to obtain inbred strains that will give the 
highest possible yield, since these, when crossed, should give the 
highest yielding strains. To be sure, it remains yet to be demon¬ 
strated whether seed can be produced cheaply enough and on a large 
enough scale to be worth while. Even tho there are certain obstacles 
in the way, the principle remains and no doubt some efficient means 
of putting it into practice will be developed. 

The results of these experiments in com may be found to be appli¬ 
cable to other normally cross-fertilized crops. It has already been 
shown by H. Nilsson (6) that the vigor of rye decreases by inbreeding 
and Myers (unpublished as yet) has found that with cabbage the 
vigor of the i^ibred strains decreases very rapidly. Whether the 
yields can be greatly increased by crossing inbred strains remains 
vet to be demonstrated. 

Inheritance studies with oats furnish several examples of the con¬ 
tribution that genetics may make to the production of larger and 
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better crops. It is well recognized that, in some sections, earliness is a 
very important factor concerned with oat production. There are 
already at hand a number of early varieties of oats, some of which are 
very good yielders. At the same time, earlier strains than these may 
be desirable. As has already been suggested, there is little chance of 
obtaining such earlier strains by selecting from the early varieties 
already available. The matter may be approached, however, by 
means of hybridization. Noll (7) has shown that it is perfectly 
possible to produce earlier strains than those now obtainable by 
crossing certain varieties of early oats, and certain early varieties 
with mid-season oats. The first generation plants of certain crosses 
are usually earlier than cither parent and some plants are produced 
in the second generation which are much earlier than the earliest of 
the parent varieties. These plants give rise in the third and later 
generations to very early lines. This work needs to be followed 
further in order to determine how these earlier strains yield; but the 
investigation has shown that, by crossing certain early strains, new 
earlier strains can certainly be produced. 

Studies having to do with the inheritance of resistance and sus¬ 
ceptibility to certain diseases of oats show the value of attacking such 
problems genetically as well as pathologically. The diseases that 
have received consideration are smut and rust. Reed (8) first made a 
rather extensive study of the behavior of different varieties of oats 
toward smut. In these investigations, he found considerable differ¬ 
ence as to the amount of infection. Certain varieties were found that 
were very susceptible while others were found that were highly re¬ 
sistant. Some varieties did not develop any smut under the con¬ 
ditions of the experiment. Recently, Barney (9) has made a study of 
the inheritance of smut resistance in several crosses of oats. In 
these experiments Barney used some of the same varieties used by 
Reed. The tests on the varieties themselves gave veiy" similar re¬ 
sults to those obtained by Reed. Various crosses were made between 
varieties showing different degrees of susceptibility and varieties that 
are apparently resistant. The results obtained in the second genera¬ 
tion were such as to indicate that resistance was dominant and that 
apparently resistance is due to one or more factors. Certain segre¬ 
gates were carried thru to the fifth generation and showed that those 
families which were resistant to smut in the third generation re¬ 
mained constantly so thru the fourth and fifth generations. The re¬ 
sults of this investigation are such as to open the way to the develop¬ 
ment of desirable varieties of smut-resistant oats. The writer is 
aware that this disease is one that is readily controlled; but, never- 
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theless, the development of resistant strains is desirable and the 
introduction of such would soon have its effect on commercial oat 
growing. 

The study of the inheritance of rust resistance in oats also shows the 
possibilities of developing resistant strains. The comparison of oat 
varieties (lo) has shown that here also there is a great difference as to 
the reaction of different varieties to the development of the disease. 
These investigations brought out the fact that in general, with respect 
to crown rust (Puccinta lolii avenae McAlpine), there is a higher 
amount of infection in varieties of Avena sativa than in varieties of 
Avena stcrilis. As regards stem rust {Puccinta graminis avenae 
Erikss. and Henn.) the greatest resistance is to be found among 
varieties of Avena sativa. When crosses are made between these 
susceptible and resistant varieties (ii), it is found that resistance to 
stem rust is dominant and that apparently it is not linked with any 
imdesirable characters. Hence, it seems perfectly possible to i)ro- 
duce desirable types that are resistant. In connection with the 
•studies on crown rust (12), the results arc such as to indicate that 
susceptibility may be dominant, but that resistant types may be 
foimd. That is, in the case of the two important rusts, genetic in¬ 
vestigations have shown that resistance is a heritable character and 
that new types may be produced which will be resistant to both 
rusts. It is readily clear how the study of the inheritanc'c of these 
different diseases opens up the possibility of producing varieties re¬ 
sistant to all. Of course, it is recognized that there are different 
vStrains of such diseases as the rusts of plants and the like, and that a 
variety may be resistant to one strain and suscejitible to another. 
This merely emphasizes the fact that in planning experiments for the 
production of resistant strains the studies must deal wdth the strains 
prevalent in the particular locality in which the experimenter finds 
his work. 

The results obtained with the various vspccies-crosses in oats also 
afford some knowledge as to what may be expected w^hen it is planned 
to make certain kinds of crosses. Crosses between Avena stcrilis, 
Avena faiua, Avena nuda, Avena algeriensis, and Avena orientalis are 
readily made and are fertile. In crosses betw-een these and Avena 
barbata, Avena brevis, axid Avena strigosa, however, different degrees of 
sterility are found; such that there is much less possibility of ob¬ 
taining valuable types in such combinations. 

Let us now consider briefly some of the genetic investigations that 
have been conducted with wheat that may have an influence on 
crop production. It is interCvSting to recall that, after the redis- 
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covery of Mendel’s law, wheat was one of the first crops used to 
check up on the idea of segregation of characters. In fact, some work 
of this sort had been done with wheat even before Mendel’s results 
were known to the public. It is also of interest to note that the first 
thoro genetic study of the inheritance of resistance and susceptibility 
to disease was conducted with wheat rust. Biffen (13) was the first 
to investigate this problem, followed soon after by Nilsson-Ehle (14). 
The investigation of this subject, has, however, been carried much 
further by workers in this country. The work of Stakman (15), 
Hayes (t 6), Melchers and Parker (17), and others has shown very 
definitely that there are certain varieties resistant to rust, and that 
this resistance is inherited. The fact is also shown that many different 
strains of rust exist and that some varieties of wheat are resistant to 
certain strains and susceptible to others. This complicates the 
breeding of resistant strains in that the work must be concerned with 
the strains to be foimd in the locality where the breeding work is 
being done. That is, this kind of work must be local in nature. 
Even so, it still is posvsible to develop resistant sorts for the various^ 
sections of the country. vShould new strains of rust develop in any 
locality, new strains of wheat must also be developed. It is un¬ 
fortunate that some of the most resistant t^^pes arc not foimd among 
the common wheats but are in emmer and einkom. These types when 
crossed with the common wheats do not give a large percentage of 
types suitable to cultivation. This fact, while an obstacle, is not in¬ 
surmountable and suggests further w'ork along this line. Perhaps it 
will be necessary to approach the desired result by several successive 
crosses. That is, it may be possible at any rate to obtain a fairly 
good tyi)e of resistant wheat from the first cross and then by crossing 
it again with a good wheat the desired type may eventually be 
reached. The results thus far are of vSuflicient importance to show that 
i-ust may be controlled or greatly lessened by the proper combina¬ 
tion thru hybridization of yield on the one hand and resistance on 
the other. 

The growing of wheat on the western coast is greatly affected by 
the presence of covered smut {Tilletia tritici) or bunt. The research 
work done by Gaines (18) on this problem shows how the resistance 
to this disease which is possessed by some varieties may be combined 
with the good qualities of other t>’pes and a new sort produced. 
There is no evidence that any linkage relations are present to render 
it impossible to produce a resistant form possessing the desired charac¬ 
teristics of high yield and quality. In fact, at least one valuable type 
is already in cultivation. 
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The quality, or texture, of wheat is one of the important charac¬ 
ters to be considered and no doubt is the most important next to 
yield. Probably a slight loss in yield could be sacrificed for a fair in¬ 
crease in the quality. Environment plaj^s a very important part in 
determining the quality of wheat. The better varieties of hard red 
wheat develop some kernels of poor quality (“yellow berries”) nearly 
every year under ordinary conditions. Under very favorable con¬ 
ditions little yellow-berry is developed and the quality runs high. 
It is necessary that considerable work should be done on the question 
of quality both chemically and genetically, since it has not yet been 
definitely determined just what is involved in quality. Sufficient 
work, however, has been done with the quality of wheat to show that 
different strains of the same variety react differently to the same en¬ 
vironment. It has also been shown that at least to a certain extent 
the tendency to produce kernels of high quality is inherited. E\'eri 
tho this character is not inherited as definitely as sc^me other plant 
characters, yet it show’s the possibility of improvement along this line. 
The w’ork of Freeman (19) and Bryan (20) on this question offers 
’much encouragement to plant breeders to conduct further researches 
in this field. 

The extensive studies that have been made on the hybrids be¬ 
tween the different species of wffieats show’ that certain combinations 
may readily be made and the different generations follow’cd thru, 
while others lead to considerable sterility It is clear that w’hen 
species that differ widely from each other are crossed together a 
great many tyi^es are obtained wffiich are of no practical value. 
This is partly due to sterility and i)artly due to the behavior of the 
various specific characters. An illustration of this is the case of 
crosses between emmer and some of the common W’heat varieties. 
Good wheat plants do not occur with great frequency in the F2 
generation, yet, if a large number of F2 plants are grown some good 
wheat types will appear. 

It is also evident that with certain species, as wdth spelt, a number 
of the characters tend to be inherited as a group or, in other w’ords, 
there is a certain linkage of characters such that it w’ould be difficult 
to produce types from spelt crosses where these characters are in¬ 
herited separately. Such characters are the gliune character of spelt, 
brittle rachis, and shattering. 

The study of the behavior of size characters in wheat and other 
plants shows the possibility of using the results of these investiga¬ 
tions for further improvement of economic crops. The various size 
characters studied show that,in general, many of them are the result 
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of several factors and that when several of these dominant size factors 
are brought together the total size of a plant or plant character may 
be increased. For example, it has been found recently in the Cornell 
cereal investigations, that when two long-kemelled wheats are crossed 
together a type having longer kernels than either parent is obtained. 
This particular character probably does not have any practical value, 
yet the ]x)ssibility of practical results obtained by the further study of 
size characters is suggested. 

Many other lines of work could be outlined if time permitted; 
such as the various contributions that have been made to methods of 
obtaining better cottoii varieties, the development of high-yielding, 
disease-resistant beans thni a knowledge of the inheritance of the 
factors concenied, the production of smooth-awned, high-yielding 
barleys thru the application of proper methods based on hereditary 
studies, the development of higJi-yielding strains of potatoes by the 
proper €ip]ilication of the method of selection, and so on, for many 
illustrations. 

The foregoing experiments indicate only a few of the important 
fields toward which genetic research has been directed during the last 
few years While considerable has been accomjilished, there re¬ 
mains much to l)e done, (jcnetic research on characters dealing 
direct! ly with yield or siz(' characters has not proc^eeded far enough to 
shed much light upon the mode of inheritance of .such characters. 
I'he question of yield alone is due to a complex of characters and this 
com])lex is so affected by varying environmental factors that it is 
difficult to attempt to .study the heredity phase This type of prob¬ 
lem is one needing considerable attention before one can say whether it 
can or cannot be solved genetically in such a way that the mode of 
inheritance may be established. Certainly, much has been done on 
characters that indirectly aflect yield and it is possible that further in¬ 
vestigation will furnish us with information as to proper combina¬ 
tions to make in producing a better type of plant. 

There are many problems as yet unsolved and it may not be amiss 
to mention some of them here. The question of the inheritance of 
earlinCvSs, especially with wheat and oats, is far from solved and if it 
can be determined that earliness could be combined with certain 
factors which influence high yield, the practical results would be of 
inestimable value. In sections where rust is of importance, a variety 
of wheat or oats that possessed high yield and was four or five days 
earlier than the sorts now at hand would add considerable to the 
value of the crop. 

There needs to be considerable work done upon straw and stalk 
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characters, particularly with reference to stiffness, in order to de¬ 
termine the mode of inheritance and how better sorts may be pro¬ 
duced. This is of great importance, especially with wheat and oats. 

No work has yet been done upon the inheritance of drouth re¬ 
sistance and a study of the factors involved. 

No investigations of any consequence (from the genetic standpoint) 
have been conducted with the root systems of plants. While such 
studies are extremely difficult, it may well be that from the stand¬ 
point of yield of plants the approach ma}^ be thru a study of the root 
systems. It is recognized that there are wide differences so far as 
root development is concerned and more information as to the in¬ 
heritance of these different variations is desirable. This is especially 
important in alfalfa breeding. 

The genetics of such crops as clover, soybeans, cowpeas, grasses, 
sorghums, and many of the vegetables, has not progressed far, 
chiefly on account of the difficulties involved and of the fact that the 
larger and more important crops have been chosen for the earlier in¬ 
vestigations. 

While the jjrinciples involved are the same for the diflerent crops, 
nevertheless, it is important that these other crops be more thoroly 
analyzed genetically so that the mode of inheritance of many of their 
characters may be known. Then the work of improvement may pro¬ 
ceed more intelligently. 

While the work may be expensive and laborious, it seems highly 
important that as complete a genetic analysis as possible should be 
made of all the important field crops. This involves not only crosses 
between different cultivated varieties but also crosses between the 
different species. With corn, this work is fairly well along, altho far 
from complete. With oats, wheat and cotton, a good start has been 
made. With many of the other crops, however, only a small beginning 
has been made and much remains to be done. 

Such genetic surveys are recomniended for further study. Since 
the results of many of these investigations will affect large sections of 
the country, it may be advisable for the workers at the several stations 
to work on different phases of the problem. While the work is being 
conducted on these general surveys, there is no doubt but that there 
will be found, from time to time, certain types of plants of promise 
which should be put into commercial use. Thus, while the ftmda- 
mental studies are being made, they will at the same time contribute 
some valuable types. 

In conclusion, it may be stated that research in genetics has been 
of considerable importance in connection with the problems of plant 



love: genetics 


625 


production. The methods to be followed in prosecuting such work 
have been developed and improved as the result of c'arefully-planned 
investigations. The principles of plant selection are now more 
thoroly understood, so that definite practical experiments in plant 
improvement may be planned, having regard for these principles. 

The numerous experiments concerned with hybridization and a 
study of the resultant plants have furnished much information that 
can be put to jiractical use in developing (thru crossing) new types of 
plants. With certain crops there is now no occasion for making 
crosses and then attempting by continuous selection to develop the 
desired type. The mode of inheritance is known and should be used. 
Where it is not known genetic surv'eys should precede or go hand in 
hand with the practical improvement work. 
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7. EDAPHICS (SOILS RESEARCH)' 

J. G. Lipman^ 


Metaphorically sjjeakiiig, the soil has many dark comers. To 
bring light to these comers appeal for help must be made to the 
sciences that have already done so much in substituting understand¬ 
ing for empiricism. Certain leading questions must be asked con¬ 
cerning the fundamental significance of soil practices like tillage, 
drainage and irrigation, liming, alkali reclamation, green manuring, 
inoculation, the control of objectionable microorganisms and in¬ 
sects, and the ap]}lication of manures and fertili/crs If these ques¬ 
tions are intelligently put, there will be found in the answers the 
boundaries of jjrcsent knowledge and of ignorance v^Tientists wdll be 
belter prepared then to organue the resources of learning and ex¬ 
perience for a successful expedition into the unknown. 

The soil is thought of as a culture medium of microorganisms and 
higher plants. Indeed, it is a collection of culture media, for many 
organisms of diverse habits find in it a congenial environment One 
may picture to himself, as he thinks of the soil, a loose mass of rock 
material well advanced on the road of disintegration. The soil 
particles range in si^i-e from small ])ebbles and coarse greuns of sand 
to the finest of clay Mingled with these are fragments of plants, 
insects, mycelia, proto?oa, and bacteria Many small ]jarticles are 
cemented together into aggregates of varying size. The simi)le and 
compound grains an* covered with a de])nsit of colloidal material, 
the seat of important chemical and biological changes. The spaces 
betw’een the soil grains are ])artly filled wnth a mixture of gasc^, most 
of it nitrogen. In the moisture films about the soil grains, a vast 
microbial po]Ailation is constantly building ^ind destroying, wiiile the 
root hairs of jjlants are in intimate contact with the moisture films 
and the jjarticles themselves. In fact, it is claimed by Comber that 
the colloidal matter of the root hairs and of the soil gi'ains represents, 
in effect, a single system. 

By wm" of illustration, let us try to fit into this picture anyone of 
the more common soil practices. The operations of tillage may w’^ell 
serve the present purpose. Tillage disturbs the relation of air and 
w^ater in the soil. It affects the exchange of gases between the soil 
and atmos})here. It modifies the supply of w^ater and the soil tem- 

q^aper read as a part of the symposium on “Research Fundamental to the 
Solving of Crop-plant Problems," at the meeting of the Society held in Cin¬ 
cinnati, December 28, 1923. 

^Director, Agricultural Experiment Stations, New Brunswick, N. J. 
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perature. It influences in a more or less far-reaching way the ac¬ 
tivities of microorganisms. These, in turn, affect the rate of solution 
of mineral matter, the decomposition of organic residues and the 
concentration and reaction of the soil solution. Root development 
and crop growth are influenced by these changes, and reciprocal 
effects make themselves felt in so far as the consumption of water and 
of plant-food becomes more intense. Obviously, therefore, a critical 
study of tillage and of its fundamental significance must involve the 
use of methods employed in a similar study of other soil practices. 
If this conclusion is sound, stress should be laid on the deeper rather 
than the more superficial aspects of soil research. There should be 
drawn first the broad outlines of the problems in soil physics, soil 
chemistry and soil biology, in the certain knowledge that specific 
applications will be facilitated and that the interpretation of re¬ 
search data will be made less difficult. 

The broad problems of soil wScience must necessarily overlap, 
since the physical, chemical, and biological phenomena are more or 
less intimately related. Nevertheless, it will be convenient to 
follow these broad divisions in a consideration of soil research ques¬ 
tions. In the domain of soil physics, there is need for systematizing 
and expanding present knowledge concerning the interplay of forces 
that have to do with the genesis of soils. The research projects relat¬ 
ing to this question should be so organized as to allow of a well- 
balanced investigation of the relative importance of solution and 
oxidation in the ^weathering of rock material. The influence of the 
parent rock, as well as that of season and climate, should be taken 
under consideration. A critical study of the problem should also 
deal with the nature and amoimt of the material removed through 
drainage and oxidation. The systematic analysis of drainage and 
surface waters would be important in this connection. A mineral- 
ogical and chemical study should be made of the rock residues at 
different stages of weathering and these should be accompanied by 
studies of texture and structure. Much work has already been done 
in this field, but wide gaps exist in present knowledge of the subject. 
Encouragement should be given to the efforts of some individual or 
group of individuals towards completing and classifying the informa¬ 
tion on the factors which concern the genesis of soil and the relation 
of these to the development of vegetation. 

Science is rich in the possession of a mass of data concerning the 
movement of water in soils. The factors of mechanical composition, 
structure, chemical composition, the velocity and direction of air 
currents, the character of the subsoil, methods of cropping, tillage and 
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fertilization have all been investigated in their relation to the reten¬ 
tion and movement of water in soils. But, here again, our records 
show frequent gaps. Too much of the information is specific rather 
than general. Too large a part of the information concerning the 
capillary rise of water has been derived from laboratory rather than 
field study. The broader and more far-reaching interpretations 
must come from a far-flung study of biological, climatic, seasonal and 
ecological factors. Investigations of soil temperature exhibit the 
same defects. It is not possible to make definite statements con¬ 
cerning the range of soil temperature as affected by altitude, lati¬ 
tude, exposure, season, color, organic matter content, texture, struc¬ 
ture, drainage, irrigation, tillage, fertilization, etc. Neither is it 
possible to summarize our Icnowledge of the soil solution for the 
purpose of establishing conclusions of wide application IIow is the 
nature of the soil solution affected, imder a wide range of climatic and 
seasonal conditions, by the nature of the parent rock, by the amount 
and distribution of rainfall, by extremes an dm cans of soil temperature, 
by exchange of gases between the soil and the atmosphere, by quan¬ 
titative and qualitative relations among .soil microorganisms, by 
tillage ])rocosscs, by cropping, or the application of lime, manures 
and fertilizers 

Investigations on the nattire of soil gases have revealed important 
facts conceining the composition of soil air, its movement and its 
relations to the physical, chemical and biological characteristics of 
the soil. But, once again, it must be confessed that the information 
here is too specific and fragmentary. Much carefiil research will be 
needed to round out our knowledge of the part that texture, sti acture, 
temperature, water-supply, pressure, as well as microbiological ac¬ 
tivities, cropping, tillage and fertilization, may play in the formation 
and movement of soil gases. 

When knowledge concerning soil w^ater, air and heat is made more 
exact, it will be ])ossible to apply it more effectively tow^ard the so¬ 
lution of problems that have to do wdth the economics of crop pro¬ 
duction. It is apparent, for example, that the better definition and 
interpretation of phenomena of soil phy.sics would make clear the 
character of root penetration and the influence on root penetration 
of texture, structure, reaction, and the concentration of the soil 
solution. Similarly, the loss, conservation, and utilization of soluble 
salts, including those derived from fertilizers, could be better con¬ 
trolled through an understanding of the fundamental relations of 
water, air, and heat in soils. This will also hold true of other soil 
practices directly or indirectly influenced by the quantity and quality 
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of the soil solution. In this connection, it may not be amiss to point 
out that there is need for a systematic study of the influence exerted 
by heavy tillage machinery, especially that operated by mechanical 
power, on the structure of the soil grains. There is need, likewise, of 
comprehensive investigations on the significance of the concentra¬ 
tion of the soil solution from the standpoint of plant physiology. 
Water culture experiments have already clarified this field of study. 
Nevertheless, the general relations established by plant physiologists 
are necessarily modified by variations in the physical, chemical and 
biological properties of soils as they exist under a wide range of field 
conditions. 

In the domain of soil chemistry there has been acquired in recent 
years much information of importance. The chemical structure of 
soil silicates; the basic exchange in soils; the nature of soil acidity; 
the buffer action of soils; soil colloids and their character, have all 
come under the careful scrutiny of able and well-trained investiga¬ 
tors. Recent studies have dealt with oxidation and reduction pro¬ 
cesses in soil. They have dealt, likewise, with the nature and trans¬ 
formation of organic matter and with the soil solution and its trans¬ 
formation in the light of the newer knowledge on the physiology of 
microorganisms and of our deeper insight into the character of solu¬ 
tions and of colloids. One need not go far afield for suggestions as to 
the application of the newly accumulated knowledge in behalf of the 
more successful and economic production of crop-plants. Reference 
may be made here, by way of example, to the great mass of data 
which has been gathered on the subject described, according to cir¬ 
cumstances, under the terms “soil acidity,” “lime requirement” or 
“the supply of basic material in soils.” If nothing more, it has become 
apparent that scientists are far from imderstanding the relations in¬ 
volved. The factors of hydrog'^n and hydroxyl-ion concentration, 
the toxicity of aluminium and iron salts and the lack of calcium, for 
certain crops at least, are barely emerging into a clearer perspective. 
The relations of these to one another and to the character of the 
crops grown and of tillage and fertilizer practices will be established 
more clearly in the years to come. It will be possible then to deal 
more effectively with alkali reclamation problems and the use of 
basic and acid fertilizers. 

The soil biologist is still engaged in finding new tools and in sharpen¬ 
ing the old ones for a more vigorous attack on the problems before 
him. A conception of the soil as a collection of culture media has 
served to clarify our vision. The writer proposed many years ago the 
study of mixtures of known species of soil microorganisms. Such 
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synthetic floras, observed under controlled conditions, should be a 
means of giving a better understanding of associative action and 
competition among soil microorganisms and their colonization on in¬ 
dividual soil particles and root hairs. A systematic study of the 
factors of heat, water, oxygen pressure, the soil solution and its 
modification by soil treatment, would be in order. The research in 
this direction thus far accomplished is far too fragmentary to justify 
general conclusions. Moreover, it should not be forgotten that the 
soil is a suitable culture medium for a host of insects, nematodes, and 
other organisms whose activities react on the soil microflora as well as 
on the welfare of cultivated plants. Our knowledge of soil biological 
processes would find wider application if it were ample enough to 
justify answering with more assurance certain specific questions. 
Here and there reference is made to investigations on the effect of 
tillage on soil microorganisms. The ntunber of references concerning 
the effect of lime and of farmyard manure is greater. More knowl¬ 
edge is available on the influence of fertilizer treatment, of green 
manures, of rotations, and of specific crops. A very considerable 
amount of study has been given to the subject of partial soil steriliza¬ 
tion. The same is true also of soil inoculation. But, when all is said 
and done, no one is at all ready to describe clearly and conclusively 
how soil microorganisms influence, imder any given set of conditions, 
the development of plants. No one is ready to evaluate with exact¬ 
ness the conditions that make, on the one hand, for retardation of plant 
growth through the competition of microorganisms, and, on the 
other, for stimulated plant growth because of a favorable balance of 
microbiological activities. 

It is not intended to trespass here on the problems of the plant 
physiologist. It is difficult, however, to dissociate certain questions 
that are common to soil science and to plant science. One may 
speak of the limiting factors in crop production. These may be 
physical, chemical or biological. In studies of the soil solution, one 
must reckon with the influence exerted on the soil solution by the 
crops. There must be considered the partial substitution of potassium 
by sodium, or of phosphorus by silicon, as a factor in the economic 
production of crops. One cannot overlook the significance of the 
quantity and quality of the salts dissolved in soil water in determin¬ 
ing the rate of growth, maturation and market value of food crops. 
In applying fertilizers, the factor of luxury consumption must be 
taken into account. It must be recognized that beyond a certain 
point readily soluble fertilizers applied locally tend to make the soil 
solution so strong as to inhibit seed germination and early growth. 
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Certain fertilizers contain small amounts of boron and of other con¬ 
stituents that are toxic to plants. The soil chemist is beginning to 
look into the significance of manganese, titanium, fluorine, and other 
constituents that were at one time entirely ignored in the analytical 
study of soils. The relative values of different compoimds of phos¬ 
phorus, nitrogen, potassium and calcium are being considered more 
carefully, while the supply of carbon dioxide in the atmosphere is 
being studied as a possible limiting factor under some conditions of 
intensive plant production. The quantity and quality of nitrogen 
salts and the supply and availability of potassium are being studied in 
their relation to disease resistance in cultivated crops. Is there a 
definite relation between soil type and the color and flavor of fruits 
and vegetables? What relation, if any, is there between soil compo¬ 
sition and the content of vitamines in crops? To what extent is 
stiffness of straw in cereals determined by the variety on the one 
hand and the chemical nature of the soil on the other‘s Legumes are 
depended upon for at least a part of the fixed nitrogen in soils. But 
how much nitrogen do legvunes fix under different conditions; and 
how much of the nitrogen in legumes is derived from the air and how 
much from the soil Evidence is not lacking that disease resistance is 
not infrequently influenced by soil conditions. What is the nature of 
these influences? Water culture experiments have taught us much 
about plant food ratios and concentrations. How are these affected by 
soil type? What is the best source of nitrogen for different crops? 
Are fractional applications more effective than single applications 
from the point of view of quality and crop yields" It is im])ortant to 
know more about the circulation of sulphur and the supply of it in 
soils. New nitrogenous and phosphatic fertilizers are constantly 
appearing and their relation to crops and soils must be known. In 
every cropping system attempts.are made to balance the losses and 
gains of organic matter, but knowledge of the subject is defective be¬ 
cause it is not possible yet to understand all of the factors concenied. 

Many other questions might be asked here and many problems 
suggested. It is not the purpose of the writer to trespass on your 
time unduly, but rather to pave the way for a discussion of a subject 
which in its varied aspects must make a strong appeal to a large 
number of investigators. 
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DEPRESSION OF CHECK-ROW YIELDS BY ADJOINING 
HIGH YIELDING PLOT ROWS IN POTATOES' 

George W. Musgrave^ 

That competition occurs in adjacent plots of potatoes has been 
established by Meyers and Perrv’’ (3)*'^ and by Stewart (4 and 5), al¬ 
though the work of Brown (1) indicates that under certain conditions, 
at least, yields are not aj^preciably influenced by competition between 
one row plots. In this connection, Meyers and Perry note that 
“with respect to the effect of competition in potatoes, there is very 
little to be found in the literature.” In some recent work by the 
writer, some harvest weij^hts were obtained in such a manner as to 
give a little further evidence on this point. Since the work will not be 
continued along the same lines, in the future, it seems best to report 
the results at the present time. 

METHODS USED 

The work under consideration was an experiment dealing with 
size of potato seed piece laid out in cooperation with one of the leading 
potato growers near Farmingdale, N. J,, in which it seemed desirable 
to use single row plots with check plots on either side. Four sizes of 
seed piece, one-half ounce, one ounce, one and one-half ounce, and 
two ounce, were used. Each row was 570 feet in length and trimmed 
at harvest to 500 feet. Plots were replicated to give three rows of 
each size, making twelve plot-rows and thirteen check-rows. Plants 
were spaced thirteen inches apart in thirty three-inch rows and all 
rows fertilized with the regular fertilizer distributor, using the same 

‘Paper No. i8i of the Journal Series of the New Jersey Agricultural Experi¬ 
ment Station, Department of Agronomy, New Brunswick, N. J. Received for 
publication May 22, 1924. 

‘Agronomist. 

•Reference by number is to "Literature Cited," p. 635. 
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quantities and kind of fertilizer as that used for the remainder of the 
field, i. e., 1800 pounds per acre of a 4-8-5 mixture, The rows ex¬ 
tended across the apparent soil variation, although the field could be 
considered as being above average in uniformity, The details of 
arrangement, as well as the average number of stems per plant for 
the various plots have been previously reported. (2). The results of 
counts of the average number of stems per plant, six weeks after 
planting, are shown in Table i. 


Table i. —Average number of stems per plant ivith various sizes of seed piece. 
Size of seed piece Dayton plots Farmingdale plots 

Check (approximately 7/8 ounces) . 1.6 ± .988 1.7 rb .476 

One-half ounce. i.28=b .591 I475± -322 

One ounce . i.84db .625 2.1 ±1.40 

One and one-half ounce. 2.7411=1.16 3.15 i .584 

Two ounce. 3.54=1=1.01 3.7 =1=1.96 


The counts are based on averages of 50 hills each. The increase in 
numbers of stems with increase in size of seed j)iece is seen to be 
slight and scarcely significant. The variability within groups is 
perhaps due in part to variation in number of eyes per seed piece, 
since the seed was cut to equal size without regard to number of eyes. 
The Dayton counts are included for purposes of comparison because of 
the slight increase which was found in both tests. 


RESULTS 

The eflfect of the competition between the check rows and the ad¬ 
joining plot rows can be seen in Table 2, in which there have been 
assembled and averaged the yields of all check plots l\^ing between 
the plots indicated and in comparison wdth the vields of the adjoin¬ 
ing plot rows. 


Table 2. —Average yield of check rows and plot rows adjoining either side. 

Check Average yields 

Location of check rows yields^ Plot rows of adjoining 

lbs. per plot rows lbs. 

100 ft. per 100 ft. 

Between and i oz, rows 67.53=1=2.854 and i oz. 57.62^2.351 

Between i and 1% oz. rows 65.50=fc:4.i826 i and il 4 oz. 65.53=1=1.886 

Between IK and 2 oz. rows 60.53 =b2.o68 I>^and2 oz. 69.27=1:1.927 

^Harvest weights are averages of fifteen lOo-foot blocks of row in each case, 
bin harvesting this series portions of two blocks were weighed as one by error. 
Data is otherwise apparently as consistent as the other series. 

As it is to be expected, the depression in yield of check rows is 
slight, but is never the less sufficient to be of interest. The yields of 
the individual rows are given in Table 3. 

Correlating the chfeck yields with the average yields of the ad¬ 
joining rows shows r = — ,6526 db .1914, a significant negative 
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correlation. A regression coefficient of — .56 indicates the average 
depression of check yields under the conditions- of this experiment. 


Table 3. —Comparative yields of check rows and adioining plot rows. 


Plots westerly side of 
check rows 

Ch(‘ck yield 

Plots easterly side of 
check rows 

Average yields 
Rows ad¬ 

Plot 

Size of 

Row yield 

lbs. per 

Plot 

Size of 

Row yield 

joining check 

no. 

seed 

500-ft. row 

500-ft. row 

no. 

seed 

lbs. per 
500-ft. row 

plots per 
500-ft. row 

2 

K oz. 

270 

35f> 

4 

I oz. 

325.5 

297.75 

10 

H oz. 

244 

34« 

12 

I oz. 

307 

275.50 

18 

K oz. 

273 

309 

20 

1 oz. 

309 

291.00 

4 

I oz. 

325.5 

333 

6 

1 K oz. 

330 

327.75 

12 

I oz. 

307 

337.5 

14 

1 14 oz. 

343.5 

325.25 

20 

I oz. 

309 

312 

22 

lyi oz. 

351 

330 

6 

Ioz. 

33 ^^ 

294 

8 

2 oz. 

3bo 5 

345.25 

14 

1)1 oz. 

343.5 

323 

16 

2 oz. 

338 

340.75 

22 1 OZ. 

Averaee ... . 

351 

291 

^22.61 

24 

2 oz. 

355 

353 

^20.60 


CONCLUSIONS 

The dei)ression of the check yield by the adjoining high yielding 
plot rows, though slight, seems to indicate that competition exists in 
the cases cited. I'his is indicated by the high negative correlation 
coefficient ~ • .6526 ± .1914 as found by comparing the respective 
check yields with the average of the adjoining plot yields. The plots 
consisted of 500-foot rows replicated to give a total of three plots of 
each treatment or a total of 1500 feet of row. The results are for 
but a single year. 
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ENVIRONMENTAL FACTORS AFFECTING THE PROTEIN 
AND THE OIL CONTENT OF SOYBEANS AND THE 
IODINE NUMBER OF SOYBEAN OIL^ 

Robert W. Stark^ 

The rapidly increasing use of soybeans, both as a feed for livestock 
and as a source of vegetable oil, has resulted in a very general desire 
for information concerning the composition of soybeans and the fac¬ 
tors which affect the relative proportion of their different constituents. 
Many analyses, made by various investigators, have shown that va¬ 
rieties differ in their composition; that is, that there are differences 
inherent in the varieties. But it frequently has been observed, also, 
that the same variety, when grovrm during different years or in differ¬ 
ent environments the same year, varies materially in composition. 
Hence chemical composition may be affected by the influence of en¬ 
vironmental factors on the physiological processes of the plant. 

Previous work conducted by other investigators, as well as that 
done by the writer, indicated that certain kinds of soil treatment con¬ 
stitute one of the most important factors affecting the composition 
of soybeans. According to Fellers (i)'"* of the New Jersey Agricultural 
Experiment Station, applications of lime to the soil decreased the oil 
content of the soybeans in proportion to the amount of lime applied. 
Small applications of acid phosphate materially increased it, espe¬ 
cially when 1000 to 2000 pounds of lime were also applied. Fertiliza¬ 
tion with potassium resulted in a slight decrease in oil content. Lip- 
man and Blair (3) of the New Jersey Station grew soybeans on limed 
and milimed plots. They found that liming such soil caused an increase 
in the yield of seeds and that they contained a higher percentage of 
nitrogen. Later work conducted on limed and imlimed plots confirmed 
the earlier results. 

The beans grown on the soil fertility fields of the Illinois Agricul¬ 
tural Experiment Station afforded excellent material for further in¬ 
vestigation of this phase of the subject. 

FERTILIZER TREATMENT AND SOIL TYPES USED 

A four-year rotation has been followed on all of these fields, al¬ 
though the kinds of crops grown have not been the same in all cases. 

^Contribution from the Department of Agronomy, Illinois Agricultural Exper¬ 
iment Station, Urbana, Ill. Received for publication August 4, 1924, 

‘Associate in Crop Production. 

•Reference by number is to “Literature Cited”, p. 645. 
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On all but one of them, the effect of both the grain system and the 
livestock system of farming has been demonstrated. In the grain sys¬ 
tem of farming, crop residues including the cornstalks, straw, clover 
chaff, soybean chaff, and green manure crops have been plowed un¬ 
der. In the livestock system, an amoimt of manure equal in weight 
to the total amount of the crops removed has been applied. The 
mineral fertilizers have consisted of: (i)ground limestone, applied at 
the rate of four tons per acre for the initial application and two tons 
each succeeding fourth year; (2) raw rock phosphate applied at the 
rate of one ton ])er acre each fourth year; and (3) potassium in the 
form of kainit aj)plied once in four years at the rate of 800 pounds 
per acre. These fields have all been in cultivation for a number of 
years, so that the effect of soil treatment is cumulative. 

Four difTercnt types of soil arc represented by these fields. The soil 
of the Carthage Field is a bro\vn silt loam of the Upper Illinoisan 
Claciation. Crain croi)s in general have responded to organic ma¬ 
nures and limestone. Phosphorus and potassium in addition to or¬ 
ganic matter and 1 imes()ne have given sanall additional increases. The 
Odin field is hi the Lower Illinoisan Claciation. The soil is a gray silt 
loam on tight clay. Soils of this class arc noimally quite acid and 
need lime and organic matter. Phosphorus and potassiimi have also 
given incTcased yields of crops on this field, particularly those of 
wheat. Iffots 101-105 are not tile drained, while jilots io6-iio are 
tile drained. The Raleigh field represents the yellow-gray silt loam, 
timber type of the Lower Illinoisan Claciation. The soil is acid and 
deficient in organic matter. Phosphorus and potassium, in addition 
to organic matter and lime, have given increased yields of crojis. The 
Sparta field is a gray silt loam on tight day, timber ty]ie. It also is 
located in the I.xnver Illinoisan Glaciation. The soil is acul and re¬ 
sponds in a marked degree to apiilications of organic matter and lime¬ 
stone. Applications of ])hosphorus have caused no improvement in 
the yield of cereal crops, but potassium has increased the yield. 

The soil treatment practiced on each plot of these different fields 
together with the yields of beans and their composition are shown in 
Table i. 

It will be observed that manure and lime and residue and linie 
have been the fertilizing materials which have brought about the 
greatest increase in yield of beans. Phosphorus, in addition to manure 
and lime and residues and lime has given further increase on four of 
the plots, while on the other four there was a decrease in yield. Po¬ 
tassium, in addition to residues, limestone, and rock phosphate, 
gave a slight increase on four of the five plots so treated. 
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Table i .—Showing the effects of soil treatment upon yields and composition of 
soybeans grown in different localities and on different types of soil. 


Where grown 

Plot Soil 

Bu. 

Per- 

Per- 

Pounds 

Pounds 

Iodine 

No. treat- 

seed 

centage 

cent- 

protein 

oil per 

number 


menta 

per 

pro- 

age 

per acre 

acre 

of oil 



acre 

tcin 

oil 




Carthage. 

I None 


42.80 

19.85 

721.1 

334.4 

133.1 


2 M. 

27.1 

4342 

19.68 

6 , 35-4 

288.0 

133.3 


3 M. L. 

30.4 

4548 

18.58 

746.6 

305.0 

131.5 


4 M. L. P. 

28.8 

46.19 

18.29 

7 i «-3 

284.4 

131.3 


5 None 

23.6 

42.90 

20.24 

546-7 

257.9 

130.8 


6 R. 

24.3 

40.40 

20.71 

530.1 

271.8 

131.7 


7 R. L. 

29.7 

4574 

18.70 

733-6 

299.9 

132.8 


8 R. L. P. 

28.2 

45-63 

18.66 

694.9 

284.1 

130.9 


9 R.L. P. K. 29.2 

46.09 

18.49 

726.7 

291.6 

131.0 


10 None 

22.8 

42.01 

20.08 

517.2 

247.2 

131-8 

Raleigh. 

I None 

6.9 

39.86b 

20.74b 

148-5 

77.3 


2 M . 

II.O 

3723 

2 I. 6 i 

221.2 

128.4 

133.4 


3 M. L. 

21.2 

42.30 

19.22 

484-3 

220.0 

134.5 


4 M. L. P. 

23.6 

44.42 

19.26 

602.0 

245.4 

132.5 


5 None 

9.2 

39.86b 

20.74b 

198.0 

103.0 



6 R. 

12.7 

37.68 

2 l.I 4 > 

258-4 

145.0 

141.0 


7 R. L. 

20.3 

43.31 

19.55 

474.8 

214.3 

130.8 


8 R. L. P. 

21.8 

43.12 

18.87 

507.6 

222.1 

132.4 


9 R.L.P.K. 

24.1 

42.29 

18.86 

550.4 

245.4 

133-8 


10 None 

13.6 

39.86b 

20.74b 

292.8 

152.3 

133-3 

Sparta. 

I None 

9.3 

34.88c 

20.89c 

175.2 

104.9 

136.2 


2 M. 

12.0 

3^.52 

19.93 

249.6 

129.2 


3 M. L. 

257 

41.72 

19.23 

5790 

266.9 

137-6 


4 L. p. 

24.5 

42.00 

18.82 

555.7 

249.0 

1.36.7 


5 None 

3.5 

34.79 

20.79 

6 S.8 

39.3 

134.0 


6 R. 

7-3 

36.18 

20.68 

142.6 

81.5 

136.2 


7 R. L. 

22.7 

43.51 

18.66 

533.3 

228.7 

134.5 


8 R. L. P. 

25 7 

44.37 

18.49 

615.8 

256.6 

135.2 


9 R,L.P:K. 

21.7 

43.27 

18.71 

507.0 

219.2 

136.4 


10 None 

50 

34 97 

20.98 

94-5 

56.6 

136.5 

Odin (untiled) 

I None 

18.4 

41.52 

19-51 

412.5 

193-0 

137.1 


2 R. 

18,2 

39.79 

20.03 

.391.1 

196,9 

135-3 


3 R. b. 

20.7 

45.28 

18.05 

506.1 

201.8 

132.8 


4 R. L, P. 

18.8 

45.66 

17.77 

463.5 

180.4 

134-3 


5 R.L.P.K. 

23.H 

43.34 

18.43 

557.0 

236.9 

135.4 

(tiled)... 

6 None 

154 

40.31 

19.77 

335.2 

164.4 

135.0 


7 

18.9 

41.74 

19.15 

426.0 

195.4 

139.7 


8 R. L. 

22.5 

44-31 

18.14 

538.4 

220.4 

136.5 


9 R. L. P. 

24*3 

44.37 

18-43 

582.2 

241.8 

135.1 


10 R.L.P.K. 

27.0 

40.82 

19.23 

595.2 

280.4 

135.6 


aM. stands for manure; M. L., for manure and lime; M. L. P., for manure, 
lime and rock phosphate; M. L. P. K., for manure, lime, rock phosphate and 
kainit; and R, for crop residues. 

hNo samples received for Plots i and 5. Substituted the precentages of protein 
and oil obtained for 10. 

cNo sample received for Plot i. Substituted the average percentages of protein 
and oil obtained for Plots 5 and 10. 


There appears to be some correlation between the yield of beans 
and their composition, an increase in the yield frequently being co¬ 
incident with an increase in protein content and a decrease in the oiL 
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There is a ver}^ marked correlation between soil treatment with lime¬ 
stone and the composition of the seed. Accompanying applications 
of limestone, there is an increase in the protein content. Phosphorus 
has still further increased the protein content of the beans grown on 
six of the eight plots. Potassium gave an increase by a fraction of a 
percent in one instance. The beans from the other plots showed a de¬ 
crease in protein content. 

The effect of soil treatment upon the oil content of the beans was 
found to be practically the reverse of that upon the protein. This 
is particularly true with reference to applications of limestone. In 
every instance, applications of limestone W’ere followed by a decrease 
in the content of oil. Phosphorus has, in most cases, still further de¬ 
creased the percentage of oil, while potassium has shown a slight in¬ 
crease. The gain or loss of oil and protein resulting from the differ¬ 
ent soil treatments is given in Tables 2 and 3. 

Table 2. —Showing the gain or loss in percentage content of protein resulting 
from the several ingredients used in fertilizing the soil . 


Soil treatment 

Carthage 

Raleigh 

Sparta 

Odin 

Average 





Untiled 

Tiled 


None . 







M. 

-4- .62 

— 2.63 

4*3 *^4 



4 - .54 

M. L 

4*2.06 

+ 5.«7 

4*3.20 



+344 

M. L. P 

None 

. 4 - .71 

4 2.12 

4- .28 



+1.04 

R. ... 

-2 5 C 

-- 2 .t8 

+1.39 

" 1.73 

+i 43 

— .72 

R. L. 

■1-53+ 

+ 5 -(>3 

+7.33 

■+ 549 

+2 57 

4 5-27 

R. L P. . 

— .11 

- .1<) 

4- .86 

4 - .38 

4- .06 

4- .20 

R. L. P. K 

4 * .4^’ 

- .83 

—1.10 

~ 232 

“-3 55 

— 1.47 

T\blk 3. Showing the gain or 

loss in percentage content of oil resulting from the 

several ingicdients 

used in feitilizing the soil. 



Soil treatment 

Carthage 

Raleigh 

Sjiarla 

Odin 

Average 





Untiled 

Tik'd 


None . . 

. 

.17 

4 I 07 

— .96 



— .02 

M. L 

T.IO 

-- 2.39 

- .70 



—1.40 

AI. L. P. . 

None . 

. . - .29 

+ .04 

— .41 



— .22 

R. 

• • *f -47 

+ .40 

— .11 

+ .52 

— .62 

4- .13 

R. L. 

. —2.01 

*” 1.59 

—2.02 

-*1.98 

—1.01 

—1.72 

R. L. P . . 

. . .04 

— .68 

- .17 

— .28 

T .29 

— .18 

R. L. P. K. ... 

.. —.17 

— .01 

4- .22 

4* *66 

4- .80 

4- .30 


In explanation of these tables, it may be stated that at Carthage 
the beans grown on the plot which received manure only contained 
0.62 percent more protein than did those from the adjacent unfer¬ 
tilized plot. At Raleigh, there was a loss of 2.63 percent of protein 
where manure was used; while at Sparta, the manure gave a gain of 
3.64 percent. The average gain for manure over no manure on the 
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three fields was 0.54 percent. Again, at Carthage, where limestone 
was applied in addition to manure, the beans contained 2.06 percent 
more protein than did those produced on the plot receiving manure 
only. At Raleigh, the gain amounted to 5.07 percent and at Sparta 
the gain was 3.20 percent. As an average of the results from the three 
fields, the beans produced on the plots which received lime in addition 
to manure were found to contain 3.44 percent more protein than did 
those from plots treated with manure only. 

Since it has been shown that lime causes a decided decrease in the 
percentage of oil in soybeans, the question at once arises whether this 
represents a real or only an apparent loss; whether there has been a 
smaller amount of oil per acre synthesized where lime is applied. In 
Table i, there is shown the number of pounds per acre of protein and 
of oil calculated from the yields and from the percentages of x^rotein 
and of oil found. The i:)ercentages given in the table are on the water- 
free basis. The yields of beans were calculated from the weights of the 
beans as they came from the bean hullcr. It is assumed that they 
imifonnly contained ten x)ercent of moisture at that time and the 
poimds of protein and of oil were calculated on that basis. It is evi¬ 
dent that there isa decrease in the percentageof oil incident to liming 
the soil; still the beans which grew' on the limed land W'ctc so much 
more j)roductive that the total amount of oil elaborated and stored 
in the seed W'as greatly increased. 

Expressed in number of j^otmds of oil gained or lost by the various 
soil treatments, it w^as found that manure gave cin average increase 
of oil over no treatment amounting to 6.7 ]3ounds per acre, while resi¬ 
dues gave an average increase over no treatment of 26.4 poimds per 
acre. Limestone added to manure gave a further increase of 82.2 
pounds per acre, and when aj)plied wdth residues, the average gain 
for the limestone w^'as 54.Q ])ounds per acre. Pho.sphorus ax;j)lied in 
addition to manure and limestone resulted in an average loss of 4.3 
pounds of oil per acre and phosphorus in addition to residues and 
limestone caused a gain of 2.7 i)ounds p^r acre. When potassium w'as 
added to residues, lime and j)hcsphonis, there was an average loss 
of oil amounting to 2.8 pounds per acre. 

EFFECT OF GEOGRAPHICAL LOCATION UPON THE COM¬ 
POSITION OF SOYBEANS 

It has been stated above that the same variety of beans grown in 
different localities may vary in composition due to environment or to 
local seasonal conditions. Piper and Morse (5) report an instance in 
which four varieties of soybean seed imported from Manchuria were 
distributed to a number of experiment stations. Analysis of the re-» 
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suiting crops showed that when grown under varying environmental 
conditions the beans differed greatly in composition within the variety. 
Gamer et al (2) grew soybeans in plots under controlled conditions. 
Different types of soil were used. The conclusion was reached that 
the effect of soil type upon the composition of the beans is subject to 
variation and that seasonal conditions j)lay a more important r 61 e 
than does soil type. 

As an incident to another line of investigation, samples of four dif¬ 
ferent varieties of beans were obtained from different sections of the 
state of Illinois. The seed from which each of these varieties of beans 
were grown had been distributed the previous spring by the Illinois 
Agricultural C'ollege. (Jn analysis, these sami)les yielded the data 
shown in Table 4. 

Table 4.- Vartahon in the composition of soybeans when grown in different 

localities 

Percent- Percent- Iodine 


Variety 

Sonrc(' of Ciop 

Reaction of 
soil 

UKC- of 
jirotcin 

age of 
oil 

number 
of oil 

Black Eycl)ru\v 

J'vWing 

M L. P. K. 

45 .T -4 

18.44 

121.2 


EHinjdi'nn 

Not known 

44 -.V> 

18 64 

123.6 


Spring Valley 

Jjmc 

43-4 T 

1877 

123.3 


(ohsoii City 

Slightly acid 

41.68 

19.83 

126.5 


Freclnir^ 

S])iing Valley 

Acid 

37 - 6 t> 

21.58 

121.5 

Man eh 11 

Tame 

43 53 

18.24 

133.8 


(jifjson C'lty 

Slightly acid 

41.62 

19 81 

128.8 


Woodford Co 

Unknown 

3477 

21.62 

132.4 


1 )eeatur 

vShghtly acid 

32.81 

23.21 

131.5 

Midwest 

Spring V^alley 

Tame 

44 74 

15.54 

131.8 


Effingliain 
Woodford C\). 

I’nknown 

4377 

17.18 

130.0 


Unknown 

3^-30 

18 02 

134.7 


Fi eel )urg 

Acid 

37-25 

18.60 

127.3 


Decatur 

vShghllv Acid 

35.T 3 

18.79 

131 .3 

Wilson Five 

lowing 

M. L. P. K. 

44 03 

16.31 

135.6 


Isflingharn 

Unknowni 

4 f >.35 

16.68 

135-3 


Woodford C'o. 

Unknown 

36.78 

17.48 

139.0 


Decatur 

Slightly acid 

34-«6 

18.12 

135.5 


Freehurg 

Aei<i 

33-52 

19.26 

136.1 


It will be observed that, within each variety, remarkable differences 
existed in the composition, depending ui)on the locality in which the 
beans were grown. This is especially true of the protein content. It 
is interesting to note that those beans had a high protein and a low 
oil content which were grown on land that had been limed or that 
had been limed and otherwise fertilized. On the other hand, low pro¬ 
tein and high oil content were associated with an acid soil. 
Herein apparently lies the cause of the wide variation within the 
varieties. It probably is not so much due to geographical position 
or climatic conditions, but is influenced chiefly by an abundance of 
plant food and by the reaction of the soil. 
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The beans grown upon the Sparta and the Odin soil fields afford 
an opportunity to study this problem further. The untreated soil of 
both these fields is acid and lacking in fertility. The Haberlandt va¬ 
riety of beans was grown upon each of these fields. In Table 5 is shown 
the percentage of protein foiuid in the beans grown on plots i to 4 
at Sparta and at Odin. 

Table 5. —Showing the gradual approach in protein content of the beans grown 
at Sparta and at Odin as the fertility requirements are met. 


Soil treatment Sparta Odin Differences 

None. 3479 41*52 6.73 

R. 36.18 39 79 3*61 

R. L. 43.51 45.28 1.77 

R. L. P. 44.37 45.66 1.29 

R. L. P. K. 43.27 43.34 .07 


There was found to be a difference of 6.73 percent in the protein 
content of the beans grown on the imtreated plots. The difference 
was in favor of those produced on the check plots at Odin. From these 
data, it might be inferred that the locality or geographical position 
had greatly influenced the composition of the beans. However, with 
the addition of crop residues to the soil, the difference in composition 
became less marked. Limestone added to the soil, in addition to the 
crop residues, reduced the difference in protein content to 1.77 per¬ 
cent. Where phosphorous was applied in addition to residues and 
limestone, the difference was only 1.29 percent, and with the further 
addition of potassiitm, the protein content became practically iden¬ 
tical. From the data presented here, it would appear that the chief 
factors affecting the comiiosition of soybeans grown in different lo¬ 
calities are soil fertility and seal reaction. 

DIFFERENCE IN COMPOSITION DUE TO VARIETY 
CHARACTERISTICS 

It is generally acknowledged that there may be rather wide dif¬ 
ferences in tlie composition of varieties of soybeans. The four varie¬ 
ties, data for which are presented in Table 4, together with the two 
used in the study of the effect of soil treatment upon composition 
(See Table 1, Carthage, plot 4; Raleigh, plot 4; Sparta, plot 8; and 
Odin, plot 4) afford an oi)portunity to make observations on this phase 
of the subject. 

W. J. Morse (4) gives the following data concerning the protein 
content of four of these varieties. 

Black Eyebrow. 40.8 percent 

Haberlandt. 38.5 “ 

Wilson Five. 37.8 ** 

Manchu. 37.2 “ 
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It may be assumed from these figures that there is normally a dif¬ 
ference of from three to four percent in the protein content of the 
Black Eyebrow and the Manchu varieties of soybeans. 

In Table 6, there are assembled the data showing the highest per¬ 
centage of protein found for each of the varieties studied, together 
with the soil treatment. Th ese data were selected from Tables i and 4. 

Table 6 .—Record of the high protein beans showing that in every case high protein 
content ts associated with a soil supplied either with lime alone or with lime in 
conjunction with organic matter and other mineral fertilizing elements. 


Soil treatment or Percent- Percent- 
Where grown Variety reaction age of age of 

protein oil 

Carthage. Manchu M. L. P. 46.19 18.29 

Ewing. Black Eyebrow M. L. P. K. 4575 l 8-97 

Odin . Haberlandt R. L. P. 45-66 17-77 

Spring Valley . Manchu Limed 44-99 17-94 

Spring Valley . Midwest Limed 44-74 ^5-54 

Raleigh. Haberlandt M. L. P. 44 42 19.26 

Sparta. Haberlandt R. L. P. 44-37 18.49 

Ewing . Wilson Five M. L. P. K. 44.03 16.31 


Where the conditions were favorable for high protein production the 
varieties tended, in a rather remarkable degree, towards tuiiform pro¬ 
tein content. Under these conditions, the Manchu grown at Carthage 
contained 0.44 percent more protein than did the Black Eyebro\v grown 
at Ewing; while the Manchu grown at S])ring Valley contained 0.76 
I)crcent less. Tlie extreme variation in protc'in content beUveen the 
varieties wdien grown under conditions favorable for large protein pro¬ 
duction ranged from 46.2 ])ercent in the case of the Manchu grown 
at Carthage to 44 03 jxT'ceiit in the case of the Wilson Five grown 
at Ew’ing. 

From the data presented in Tables 4 and 5, it is evident that there 
may be greater dilTerences in the composition within the\'ariety than 
exists nonnally betwx'en different varieties. Also, it W’ould ajipe^ar, at 
least in the case of the varieties studied, that wdiere the beans are 
grown under conditions favorable for maximum protein production 
(conditions wdiich arc also favorable for high yield) there is a strong 
tendency for the different varieties to approach a uniform protein 
content. 

Finally, it should be stated that within the variety, there is a fairly 
close correlation between the percentage of protein and of oil. In 
general, those beans having the highest percentage of protein con¬ 
tain the least oil and conversely, those containing the smallest per¬ 
centage of protein have the greatest percentage of oil. 
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IODINE NUMBER OF SOYBEAN OIL 

One of the important uses for soybean oil is as a substitute for lin¬ 
seed oil in the manufacture of paint and varnish. Its value for this 
purpose depends upon the amount of unsaturated acid contained. 
It follows that in a study of the factors affecting the oil content of 
soybeans, it becomes of interest to learn what effect, if any, such fac¬ 
tors have upon the iodine number which is taken as an index of the 
degree of unsaturation. 

The results of the determinations given in Table i will be consid¬ 
ered first. The variety grown at Carthage was the Manchu. The 
average iodine number found for the different treatments was 131.8, 
and there was a difference beeween the maximum and miminum num¬ 
ber of only 2.5 points. In this case, there was found no evidence that 
any consistent relation exists between soil treatment and iodine num¬ 
ber. This same result was found in the study of oil from the different 
plots at Raleigh, Sparta, and Odin, where the Haberlandt variety of 
beans was grown. 

It will be seen on examining the data given in Table 6, that there 
arc wide differences in the average iodine number characteristic of the 
different varieties. 7 'he Black E\"ebr()w variety' gave an average io¬ 
dine number of 123.2 while for the Wilson Five, the number was 136.3, 
a difference of 13.1 points. Within the varieties there was found 
considerable variation but it was not sufficiently consistent to indi¬ 
cate that location or soil treatment was responsible. 

SUMMARY 

There appears to be some correlation between yield of beans and 
their composition. An increase in yield of beans on adjacent [)lots 
due to soil treatment was found frequently to be associiited with an 
increase in protein content and a decrease in oil. 

Ajjplications of limestone and organic matter were found to in¬ 
crease the percentage of protein and decrease the percentage of oil 
in a marked degree. 

Applications of rock phosphate in addition to limestone and or¬ 
ganic matter still further increased the protein content and decreased 
the oil. 

Potassium applied in addition to rock phosphate, limestone, and 
residues resulted in a decrease in the percentage of protein and an 
increase in that of oil. 

The yield of oil in poimds per acre was increased by applications of 
organic matter. Limestone in addition to organic matter caused a 
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^arge increase in the production of oil, while phosphorus and potassi¬ 
um apparently had little effect upon the yield of oil per acre. 

Wide variations may exist in the composition of the same variety 
of soybeans when grown in differen t localities. Such variations as were 
observed in this investigation were a])parently not due to geograph¬ 
ical position, or climatic condition, but may probably be attributed 
chiefly to differences in soil fertility and soil reaction. 

There may be greater differences in composition within the variety 
than exists between most varieties. 

The evidence obtained in this investigation would seem to indi¬ 
cate that soybeans tend toward a unifonn protein cojitent when the 
conditions are favorable for large protein production. 

There is a fairly close correlation between the protein and the oil 
content of different lots of the same variety of soybeans. Conditions 
which i)roduce an increase in the percentage of protein result in a 
decrease in the oil content and vice versa. 

Varieties of soy1)eans may differ eoiivSiderably in the iodine number 
of their oil. 

Variations occur in the iodine number within the variety, but no 
consi.stent relation was found to exist between iodine number and 
location or soil treatment. 
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NATURAL CROSSINGS IN OATS AT AKRON, COLORADO^ 

T. R. Stanton and F. A. Coffman^ 

INTRODUCTION 

The extent of natural crossing resulting when different crop varie¬ 
ties are grown on adjacent plats is of prime interest. It has long been 
recognized that when strains ofcom, the sorghums, or rye are grown in 
close proximity, natural crossing usually takes place freely. Formerly 
it was believed that natural crossing rarely occurred among the so- 
called close-fertilized cereals, wheat, oats and barley. However, evi¬ 
dence to the contrary has accumulated, which indicates that this belief 
was not well founded. Numerous reports of the occurrence of 
natural crosses in varieties of close-fertilized cereals have been published 
and it is now generally recognized that some crossing may result 
when different strains of these cereals are grown close to each other. 

It generally has been thought that climatic conditions, as well as 
certain physiological phenomena, influence the extent of natural cross¬ 
ing occurring in them, but apparently this belief is not leased on exper¬ 
imental evidence. Few systematic experiments ever have been con¬ 
ducted with the idea of determining the extent of natural crossing 
in cereal crops, and, as far as is known to the writers, none has been 
conducted to determine the relative extent of crossing under different 
climatic conditions. 

RP:VIEW of LTTER.VTURR 

No published data have been available from exj)eriments cemducted 
systematically to determine the extent of natural crossing of oats in 
America. A review of the literature on the subject shows that the 
opinionsofdifferentauthorshavevaried as to the extent of such cross¬ 
ing. Although it was formerly believed by most authors to be infre¬ 
quent or of rare occurrence, occasional reports describing supposed 
natural crosses or field hybrids in oats have been published. 

Rimpau (19)® recorded a natural cross between black and white oats 
in 1880 and observed that the progeny of the hybrid plant grown in 
1881 contained white and black kernels in a series representing va¬ 
rious shades of brown. This was the only known case of natural cross- 


^Contribution from the Office of Cereal Investigations, Bureau of Plant In¬ 
dustry, United Stdtes Department of Agriculture. Read by the junior author 
at the Eighth Annual Conference of Western Agronomic Workers held at Lar¬ 
amie, Wyoming, July 21-23, 1924. Received for publication July 15, 1924. 

•Agronomist in charge of Oat Investigations and Associate Agronomist in Oat 
Investigations, respectively. 

•Reference by number is to ‘‘Literature Cited," p. 658. 
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ing which he had observed in several years’ work with different oat 
varieties. He believed that spontaneous variations are as numerous 
in oats as in wheat, but not as readily observed. The same author 
(20) describes four natural crovsses in oats, and .states that he had 
observed five cases of natural crosses in fifteen to twenty-three oat 
varieties grown during the six years 1879-1884. This observation led 
him to believe that natural crossing in oats is more frequent than he 
had previously supposed. 

McAlpine (15) speaks of natural crossing as being a “rare event in 
cereal life” and cites Rimpau’s report on natural crossing in the oat. 

Jamieson (ii) of Scotland, believed that oats cross freely when 
planted side by side. In his e.xperiments, he fomid that seeds from 
such crosses ])roduced heavier plants than seeds from uncrossed i)lants. 

Cannon (3) made a detailed morphological study of the flower and 
embryo of the wild oat, Arena faiua L. He observed that the jxdlen is 
generally shed before the stigmas have j^rotruded from the spreading 
glumes. 

Norton (14) found that in the wild oat. Arena faiua, and in many 
cultivated varieties, the flowers open wide, allowing the double .stig¬ 
ma to project on each .side and the anthers tc) fall down as far as the 
lengthened filaments will jXTmit In oats of this type, it is entirely 
po.ssible that natural crossing lakes p]ace, but in many varieties the 
flowxT’s do not ui)en wide enough to allows the stigina to protrude at 
all and many flow ers even keep the anthers inside the glumes. He be¬ 
lieved that most ]jersons w^ho have worked on the problem have 
come to the conclusicm that natural crossing in the oat is rare. To 
test the ])oint a large number of flow’crs w^ere emasculated by him 
and left uncovered under conditions favorable for crossing, but no 
seed w^as obtained, wdiile at the same time artificial crosses were about 
75 per cent successful, on an average. 

Hunt (9) stated that the indications are that oats are nearly al¬ 
ways self-fertilized and that no American cross-bred variety of oats 
has yet been widely distributed. 

Hays (8) vStated before the Horticultural Society of New York that 
“it seems quite practicable to assume that the oat is almost entirely 
self-pollinated.” 

Peacock (16) stated that owing to the artificial cross-fertilizing of 
many of the cultivated oat varieties growm in New^^ South Wales many 
have been produced which possess intermediate characteristics. 

Livermore (12) studied natural cross-fertilization in oats, by sow¬ 
ing unlike varieties in adjacent nursery rows and observing the off 
types which occurred in the following season and which might be at- 
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tributed to crossing. The distinguishing characters us^ were lemma 
color and the hulled or hull-less condition of the kernels. His re¬ 
sults indicate quite clearly that natural crossing had taken place in 
the case of the hull-less oats exposed to the hulled oats. In the case 
of lemma color, some of the original seed was found to be mixed, and 
the results therefore could not be considered as entirely reliable. The 
evidence was such as to indicate that natural crossing is possible and 
does occur in oats, and is a factor with which the breeder must deal. 

Pope (17) describes the mode of pollination in oats and other crop 
plants and quotes the opinions of several other workers on the amount 
of natural crossing which occurs in oats. He states that it appears 
that although the possibility of crossing in oats is greater than in either 
wheat or barley, it very seldom occurs. 

Babcock and Clausen (2) classify plants with respect to their mode 
of reproduction. They include oats in the group described as: “Plants 
normally self-fertilized; flowers hermaphrodite, but the floral mechan¬ 
ism such as to preclude cross-pollination.” These authors quote Pearl 
and Surface as observing no cases of natural crossing in their exten¬ 
sive investigations in oat breeding. 

Love and Craig (13) state that no natural oat hybrid has yet been 
found in the course of their extensive varietal and breeding experi¬ 
ments. 

Fraser (6) states that no clear case of natural crossing in oats has 
ever been observed at the Cornell University Experiment Station. 

Heribcrt-Nilsson (10) found that selection was ellective within a 
pedigree variety, indicating that cross fertilization is not excluded in 
oats. 

Hayes and Garber (7) state that Pridham observed a natural cross 
between Avena sterilis and A. ntida in 1916. These authors consider 
that numerous statements by brieders as to self-fertilization show 
that natural crossing occurs much less frequently in oats than in 
wheat. 

Crepin (4) described what he believed to be a natural hybrid be¬ 
tween Avena faiua and A. saliva, which apparently is similar to the 
so-called false wild types fotmd in cultivated oat varieties of the 
United States. 

Akeiman (i) observed that in sowings of cultivated oats individ¬ 
uals are sometirnes foimd that differ in many points from the common 
type and bear a certain resemblance to Avena fatua. These aberrant 
forms appear not only in the pure lines, but also in the mixed popu¬ 
lations. At first he assumed that they were due to a natural cross 
between cultivated and wild oats, but this appeared not to be the case, 
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since A, fatua is not found in the district of Svalof where Nilsson- 
Ehle has made a prolonged study of these anomalous forms and in 
true crosses segregation is very complicated, a large number of char¬ 
acters being involved. Excluding the hybrid origin, the fatuoid form 
must be regarded as a mutation. 

These statements from different investigators indicate that their 
opinions vary as to the amount of natural crossing which may occur 
in oats. Jamieson (i i) who believed that natural crossing in oats oc¬ 
curs very conimonly, is contrasted with McAlpine (15), Norton (14), 
Hays (8), Hunt (g). Pope (17), Love and Craig (13), Fraser (6), and 
Hayes and Garber (7), who believe that natural crossing seldom oc¬ 
curs. 

The writers do not believe that oats cross in nature to the extent 
that Jamieson has indicated; but the results of the experiments here¬ 
in reported indicate that field crosses do occur in oats, and the extent 
of such crossing should be given consideration in conducting oat ex¬ 
periments. The senior author has observed several instances of ap- 
])arent natural crossing in oats at Ames, Iowa, and Aberdeen, Idaho. 
Most of these field hybrids were between hulled and hull-less varie¬ 
ties, thus indicating that the loose palea and glume of the naked oat 
favors rather than hinders cross fertilization. 

EXPERIMENTAL MATERIAL 

During th(‘ past few >'ears numerous variant oat fonns have been 
observed by the junior aulhcjr in the experimental seedings of oats at 
the Akron (Colo.) Field Station of the United StatesDe])artment of 
Agriculture. The occurrence of so many abcmint foims in any one 
locality in so short a period is unusual. The cause of these ^’'ariations 
is not definitely known, but their breeding behavior usually has in- 
diccited tliat they apfiarcntly were not of h}djrid origin. Natural 
crosses in oats generally have been believed to be rare, but due to the 
occurrence of these numerous variant forms, it was decided by the 
writers to conduct an experiment to obtain information on the extent 
of such crossing at Akron. 

A total of eight oat varieties, four black and four white, were 
chosen for use in this experiment. In seeding, a black variety and a 
white variety were paired. The four ])airs were as follows: 

Black. White. 

C. I. No. 549^ Black American, (C. T. No. 459, Kherson (Akron Sel. 

Akron Sel. 02 BA) 8-1-18) 

“ 1092, Early Joanettc, “ 1623, Early Champion 

“ 836 (Unnamed), I7i7i Pringle Progress 

** 1760, Monarch, “ 1585, lowar 

HIJereal Investigations accession number. 
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HISTORY AND DESCRIPTION OF VARIETIES 

All of the varieties used in this experiment are classified as belong¬ 
ing to Avena saliva. Several of them are of commercial importance, 
while others are obsolete or of no promise economically. However, 
each variety was uniform in plant characters and apparently had been 
breeding true. The members of each pair were chosen primarily be¬ 
cause of their similarity in time of heading and ripening, as it w^as re¬ 
alized that if natural crossing was to take place the varieties should 
flower simultaneously. 

Black American, C. L No, j)4Q {Akron Scl. 02 BA). The Black 
American variety was received by the Ofliec of C^ereal Investigations 
from the substation at Nephi, Utah, in the spring of 1908. It was 
first grown in the plats at the Akron Field Station in 1913. Several 
similar vStrains of black oats have been grown in classification nur¬ 
series by the Office of Cereal Investigationsunder Ihename of Black 
American, Some have been identified as reprc'Senting either the Mon¬ 
arch or North Finnish varieties, while others (including C. I. No. 549) 
were similar to or identical with Joanette. flowevei, the Akron se¬ 
lection of Black American which was used in this experiment, under 
the conditions at Akron, Colo., produces rather large, spreading pan¬ 
icles and matures earlier than the joanette variety. The kernels us¬ 
ually are black or dark brown, and frequently are quite glaucous. 
Some of the spikelets are awned. This variety is of no im]x)rlanee 
economically. 

Kherson, (\ I. No. 4^0. {Akron .^cJ 8-1-18). The history of the 
Kherson variety has been published by Warburton and Stanton (21). 
The selection from Kherson used in this exj)erinient was made at the 
Akron FieldvStation in 193 7 by the junior author. The plants of this 
particular sek'ction are of a lighter shade of green, a little taller, and 
a trifle later in maturing than the parent variety. The kernels are very 
pale yellow or almost white. The selection was first grown in the nur- 
vsery at Alcron, Colo., in the summer of 1918. The Kherson, Sixty-Day, 
and their various selections, such as Alliion (Iowa No. 103), Richland 
(Iowa No. 105), lowar, Nebraska No. 21, States Pride, Gopher, etc,, 
constitute one of the most important gi'oups of varieties of oats grown 
in the United States. 

lowar, C. I. No. 138j. This strain of Kherson was received from 
the Adams vSeed Co., Decorah, Iowa, on March 30, 1920, under the 
name of Albion (Iowa No. 103). It was grown in the classification 
nursery of 1920, and was identified as lowar, as it was a little later in 
maturity and a little taller than Albion (Iowa No. 103), C. L No. 729. 
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The Albion and lowar strains differ primarily from the original 
Kherson in having white kernels. 

Early Champion, C. L No. T623. This strain of Early Champion 
was received by the Office of Cereal Investigations from the Illinois 
Agricultural Ex])(Timent Statiem, in 1913. The origin of the Early 
Champi(m variety is uncertain. It a])parently was introduced to the 
seed trade by the Iowa Seed Co., Des Moines, Iowa, in 1(898. It is 
an early, while-kerneled variety, similar to Albion. It is differenti¬ 
ated from that variety primarily by its slightly later maturity, taller 
culm, shorter and more cn‘ct ])anicle, and slightly ])lum])er kernel. 
This variety has been ver>' suscci)tible to smut, and frequently can 
be identifieci by the great ])revalence of smut in it. The Early Cham- 
jhon variety f)riginallv was grown to a considerable extent in Iowa 
and adjoining Slates but is of less importance than formerly. 

Early JoanciU\ C. I No. I()Q2. This strain of black oats was re¬ 
ceived by the < hlic'c of (\Tcal Investigations from W. H. vSmall, Inc., 
Evansville, Ind., Fcbiniary 20, 1920 It was received under the name 
of joanette, but is mucli earlier than that variety. This variety is ap¬ 
parently similar to or identical with the variety described by Mar- 
quand, of the Welsh Plant Breeding Station, as Early Joanette. Its 
origin has not bc(‘n detetmined However, it may have originated 
from i'l natural hybrid between Joanette and Kherson, or a similar 
early vellow, or white variety. The straw is short to midtail and 
rather slendtT The jianicle is smaller than that of Joanette, and the 
kernels are similar. As far as can be determined, this variety is of 
little or no economic inijKnlanee in the Ihhted vStates. 

Monarch, C L No. 'this a aiicty was received by the Office of 

Cereal Investiga1i(’>ns in 1913 from the Delaware Agricultural Exper¬ 
iment Station. The (origin of ]\Ionarch is undetermined. It is an early 
black-kerneled varicU' vith midtail, fairh^ stiff culms. The out¬ 
standing characteristic is the dense bloom wliicli occurs on the mature 
lemmas. This jiartieular strain is identical with the Monarch of 
Etheridge (5). 

Pringle Progress, C. 7 . No. 17/7. This variety was developed by the 
late C. G. Pringle of Vermont about 40 years ago, from a cross be¬ 
tween a strain of common oats known as Excelsior and the Chinese 
Hull-lcss. It was given an accession number by the Office of Cereal 
Investigations in February, 1920, but had been grown previously by 
that Office. In maturity it is early tomidseason, and produces a rather 
short stiff straw. In panicle and kernel characters it is similar to the 
Green Russian variety. This variety apparently has become practi¬ 
cally obsolete. 
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C. I. No. 8 j6.^ An unnamed black oat presented by Vilmorin-An- 
drieux & Company of Paris, France. It was received November 30, 
1917. Under conditions in this country this oat has been rather short 
in the straw, and is similar to Joanette, except that the kernels are 
somewhat larger. Owing to the undesirable color of kernel this oat 
has not been commercialized in this country. 

EXPERIMENTAL DATA 

METHODS IN 1922 

In starting these experiments, twelve panicles were selected from 
each of the eight varieties used. These panicles were typical of the 
varieties represented. The pairings of the varieties was made 
with reference to their respective dates of heading, as determined 
in previous experiments. In all cases a black was paired with a white 
variety heading at approximately the same time. The kernels from 
the twelve panicles of these paired varieties were sown in alternate ad¬ 
jacent rows, first a black, then a white, until the tw^enty-four rows of 
each pair w’^ere sown. 

Numerous investigators have showm conclusively that in crosses be¬ 
tween black (dark-colored) and yellowy or white (light-colored), oat 
varieties, the black or dark color is in all cases dominant in the Fi 
generation. For this reason, varieties of black and of w^hite oats w^ere 
used in making these studies of natural crossing. The arrangement 
of the varieties in the rows was believed to be such as would result in 
the maximum opi)ortunity for crossing in an experiment of this nature. 

A total of ninety-six rows was .sow^n. The seed was sown April 22, 
and the ])lants emerged May 5. Fair stands were obtained in all rows. 
Climatic conditions at Akron in 1922 W’ere unfavorable, and the oat 
plants suffered from lack of moisture. 

At harvest time the plants for each row w^ere pulled, tied together 
in bundles, and stored. As time permitted, the plants in each bimdle 
were examined closely for variant forms or possible hybrids, but no ab¬ 
normal individuals wctc observed among the progeny plants from any 
of the selections of the eight varieties. 

^A vena saliva L. Poaceae. 

“Hybride noir trt^s native [vcr>^ early black hybrid). This variety was ob¬ 
tained alxnit 10 years ago at the experimental farm at Verrieres by crossing the 
Australia and Joanette varieties. It has been carefully selected and has proved 
itself to be a well-fixed variety which is vigorous, tillers well, and attains a height 
of 4 to 5 feet, according to cultural conditions. The panicle is well filled and 
perfectly continuous, and the spikelets contain two and often three beautiful, 
black, full, faintly awned grains. 

“In our comparative studies this variety has constantly ripened 8 or 10 days in 
advance of the earliest, established varieties, giving a greater yield. Sown the 
first of March it heads early in June, and rii:>ens about the 20th of July. In brief, 
it is highly profitable, uniting the best qualities—extreme earliness, abundant pro¬ 
duction, and resistance to rust and to shattering.” (Vilmorin-Andrieux & Co.) 



STANTON AND COFFMAN: NATURAL CROSSING IN OATS 653 


As previously noted, results obtained from numerous hybridization 
experiments in oats show that so far as determined black is dominant 
to all other kernel colors. The Fi generation of the white X black oats 
would be very nearly like the parent blacks phenotypically with re¬ 
gard to kernel color. As a result, even though heterozygous individ¬ 
uals might have existed in the progeny of the black selections, their 
presence could not have been detected in the next generation. How¬ 
ever, tlie progenies from tlie rows of the black S(‘lections were examined 
equally as carefully as those from the white selections. This was done 
to determine conclusively that they were genotypically, as well as phe¬ 
notypically, black. After examining these plants they were discarded. 

METHODS IN 1923 

CJnly seed from the .selections of the white \mieties grown in head 
rows in 1922 was used in conducting the 1923 experiments. After the 
])lants had l>e(‘n (\xamined for possilde variants, the grain from 
each row vas threshed se])arat(‘ly. 1'he seed from each head row of 
the wliite varieties groAMi in n)2 2, was used [or sowing a rod row in 
1923 Hie rate of seeding vaiied with the amount of sec'd available, 
some of the liead rows ])rodueing more grain tlian otliers. Vsiially 
the entire yield of tin' head toav Avas sown in the rod roAvs 

1 ’he seed Avas S(nvn on A]>ri] 24 on land fallowed tlie previous season. 
IVIoisiure conditions at seeding dme AAcre favoralde and the plants 
emciged on jMua' i Fair stands resulted m most of the fort y-eight rod 
roAvs. Weather conditions during the groAving season of 1923 A\ere 
much more favorable at Akron than in 1922 and as a result the ])lants 
made a fair groAvth. Gras.shoppers Avere numerous at Akron in 1923, 
and damaged the jilants in these roAvs The number of plants com¬ 
pletely destrf)\e(l by them Avas not large enougli to be signitieant but 
an appreciable jiercentage of the kernels Avas lost from iiracticcilly all 
])lants. 

At harv^est the jilants from each row were pulled, tied together in a 
bundle, and stored. They later Avere examined closeh' for varimit, or 
supposed hybrid, individuals. The numbers and percentages of black 
and white plants in each roAv and the totals are showm in Table i. 

In all, forty-one variants or black-kemeled plants were found in the 
Fi. The seed from these was sent to the Arlington Experiment Farm 
for sowing in pots in the greenhouse. This seed was sown about Oc¬ 
tober 20, 1923. Usually, three kernels were soAvn per pot. Each pot 
was labeled to show the record number of each variant or black-ker- 
neled plant from which the seed was taken and the rod row in which 
it appeared. 
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Table i.— Showing, numbers and percentages of hlack-kerneled and white^kerneled Ft 

plants, in each of twelve rod rows 
C. I. Variety 

from each of four variettes.<* 
Plants produced 


No. 

Rod row 

Number 

Percentage 

of 


number 

White- 

Black- 

. Total 

black- 

459 Kherson 

1923 

kcmc‘lt'd kemcled 

kemeled 

(Akron Sel. 8-1-18) 

1 

231 

0 

231 

0.00 


2 

239 

0 

239 

.00 


3 

228 

0 

228 

.00 


4 

218 

0 

218 

.00 


5 

97 

0 

97 

.00 


6 

171 

0 

171 

.00 


7 

^77 

0 

177 

.00 


8 

168 

0 

168 

.00 


9 

15b 

2 

158 

1.27 


10 

253 

I 

254 

.39 


II 

125 

0 

125 

.00 


12 

222 

I 

223 

45 

Summary 


2.285 

4 

2,289 

.17 

1623 Early Champion 

I 

229 

0 

229 

.00 


2 

341 

2 

343 

.58 


3 

372 

0 

372 

.oo 


4 

286 

1 

287 

•35 


5 

394 

6 

400 

1.50 


6 

459 

2 

461 

43 


7 

261 

0 

261 

.00 


8 

462 

2 

464 

43 


9 

278 

0 

278 

.00 


10 

268 

0 

268 

.00 


II 

335 

0 

335 

.CX) 


12 

260 

0 

260 

.(K> 

Summary 


3,945 

13 

3 , 95 « 

•33 

1717 Pringle Progress 

I 

169 

0 

169 

.(X> 


2 

19 T 

0 

191 

.00 


3 

127 

0 

127 

.oo 


4 

169 

0 

169 

.(X> 


5 

I2b 

0 

126 

.00 


6 

330 

0 

330 

.(X> 


7 

145 

0 

145 

.(K> 


8 

175 

0 

175 

.00 


0 

168 

0 

168 

.(X> 


10 

166 

I 

167 

.60 


II 

149 

0 

149 

,00 


12 

187 

1 

188 

•53 

Summary 


2,102 

2 

2,104 

.10 

1585 lowar 

I 

179 

8 

187 

4.28 


2 

89 

0 

89 

.00' 


3 

91 

2 

93 

2.15 


4 

190 

1 

191 

•52 


5 

135 

I 

136 

•74 


6 

282 

I 

2«3 

•35 


7 

206 

4 

210 

1.90 


8 

227 

2 

229 

.87 


9 

231 

1 

232 

•43 


10 

226 

0 

226 

.00 


II 

234 

0 

234 

.00 

Summary 

12 

164 

2 

166 

1.20 


2,254 

22 

2,276 

•97 

Summary^all varieties io.ci86 

^Including the'plants which failed to segregate in Fa 

41 

10,627 

•39 
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Conditions in the ^^recnhouse during the winter of 1923-1924 were 
very favorable and the })lants made an excellent growth. By means 
of electric lights installed through the center of the greenhouse above 
the oat ])lants, their maturity was considerably hastened. By late 
March, practically all the i)lants were sufficiently ri])e for determining 
the color of the kernels. 

vSeveral unfavorable cfmditions intluencc'd these exi)criments, but 
the results W(‘re generally satisfactory. Mice completely destroyed 
a number of the jjlants and injured others by gnavdng off the ripened 
I)anicles. vSeveral additional ])lants were discarded, as they were com¬ 
pletely smutted. Fortunately ])rogeny ]dants of all the forty-one va¬ 
riants were growji to maturity, thus permitting observation of their 
breeding behavior. As shown in Table 2, only thirty-eight of these 
produced segregating progen}'. 

Table 2.— Shou'infi number of rows of whitr-kerncled outs lohich segregated in Fx 
and number of black-kerneled Fi phmts produced, and fiumber 
segregating in /'a. 

C. I. Variety Number of 

IVaek-k(Tnele(1 plants 


No. 



Pan'iil 

Scgngalnig Product‘d 

I’n )ducing 




r« )Ws in 

n )\\\s in 

m 19 rows 

segregating 




1922 

1923 

in 1923 

jirogcnies in 







1924 

459 

Khors<»u 

(Akrou s<‘l 8-1 

18) 12 

3 

4 

4 

1623 

Eiirly a 

iaTnpi(»ii 

12 

5 

13 

12 

1717 

hruigli’ J 


12 

2 

2 

I 

15H5 

Jowar 


12 

9 

22 

21 


Totals-- 


48 

19 

41 

3 « 


Of the forty-one jjarental individuals from which in'ogenies were 
available for study, at lea.st thirty-eight jiroved to be Fi hybrids, 
as they i)roduce<l progen}' which segregated for ktTnel color The 
other three black-kerneled variants produced nineteen 1 slants which 
showed no segregation. ()f these three ]ilants, two produced but three 
plants each, while the third ])roduced thirteen ])rogen}' jilants. The 
failure of the progeii}- of these three variants to show segregation may 
have been due to any of the following causes: (1) mechanical mixture; 
(2) insufiicieiit number of progenies for tiermitting free operation of the 
law of selective assortment; or (3) to presence of complementary fac¬ 
tors in white parents which when natural!}' crossed jiroduced black 
progen}'. 

A progeny of 893 plants was produced from the forty-one black- 
kerneled parent plants. However, due to the ravages of mice and the 
damage resulting from smut, data could be recorded only on 796 of the 
F2 plants. 

From the data shown in Table 3, it will be seen that the segregation 
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Table 3 .—Summary of data showing the genetic behavior in the Fa of j 8 natural 
crosses of JQ23 when grown in the greenhouse at Arlington Experiment Farm 
in the winter of ig23-ig2^. 


C. I. 

Variety 




Fa plants 


No. 










No. producing 

Percentage producing 



No. of 

Black 


Black 




Fi segre¬ 

or 


or 




gating 

brown 

White 

brown 

White 



jjlants 

kernels kernels 

kernels 

kernels 

459 

Kherson (Akron scl.8- 

I- 






18) 

4 

64 

28 

69.57 

30.43 

1623 

Karly Champion 

12 

122 

50 

72.09 

2791 

1717 

Pringle Progress 

I 

42 

15 

73.68 

26.32 

158,5 

lowar 

21 

535 

137 

70.97 

29.03 


Totals— 

38 

5^3 

230 

71. II 

28.89 


Expoctc'd in ratio of i 

: 2 :i 

597 

IQ 9 

75.00 

25.00 


Deviation from expected 

--31 

+31 

—<3.89 

+3.89 


of these pro^^^euy plants into the classes of black or brown, and white, 
a])proae]ied the Alendelian ratio of three colored to one white, as usu¬ 
ally results in the I'o generation in controlled crosses of wliitc X black 
oat varieties. Of the ])opulation of 796 surviving plants, 566 were 
colored and 230 were white. 

nivSrUvSvSioN of rFvSUlts 

The results obtained from this ex])eriment ])rove that natural cross¬ 
ing dues occur in oats at Akron, Colorado The data obtained 
show that in 1922. black and white oats grown in afljac ent lu ad rows 
CToSvSed naturally to the extent of at least o 36 ])erceiit of the })rog('ny 
of the wliite oats in the succeeding generation. 1'hefact that the]>r()g- 
enies of thirty-eight of the* forty-one black-kemeled varieties(‘xhib- 
ited definite genetic segregation showsconc'lasively theirIn brid origin, 
The po.ssibility that the three doubtful variants were hybrids increases 
the probable amount of natural croSvSing to 0.39 per cent. 

It seems reasonalde to assume chat the extent of natural crossing 
between the jilants within the same row (that is, white with \vhite and 
I'jlack with black) was equal to that actually observed in the first 
generation between black and while plants. If this be assumed, then 
theoretically the amount of crossing in the cxperimetit conducted at the 
Akron Field Station in 1C922 was twice that shown by the data ob¬ 
tained. On this assum])tion, the average crossing for all varieties was 
0.72 percent, and possibly 0.78 percent. The average extent of cross¬ 
ing in the most susceptible variety was possibly 1.94 percent; while 
that in the head row which exhibited the most crossing was possibly 
8.65 percent. 

If, however, there be excluded from all consideration the plants 
which produced progeny which did not segregate, there were in row 
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8 of Early Champion a total of 463 plants, one of which was a 
proved hybrid. This is 0.22 percent of natural crossing, which 
multiplied by two would be 0.44 percent. The variety contained 
3,957 plants, of which twelve, or 0.30 percent, were natural crosses, 
which when multiplied by two indicates 0.60 percent of natural 
crosses. 

Only one of the aberrant plants found in Pringle Progress proved 
to be a natural cross. The progeny of the variant found in row 10 
of this variety failed to segregate in the second generation. Asare- 
sult, the amount, of J)ro^"ed cros.sing in the variety is reduced. Ex¬ 
cluding this ])]ant, there were 2,103 plants, of which one proved 
to be a natural cross. Idle ])ercentage of natural crosses, therefore, 
was 005 })er(‘ent, which when multiplied by 2 is o 10 ])crcent. 

Only one of llit* two aberrant plants found in selection row eight of 
lowar, ])r( )duccHl ] )rogeny v hitdi segregated. As in the other two cases, 
the number (jf ])lants is lediK't'd fn'jn 220 to 22(S, and that of variants 
from two t( > ( )iie 'riTe ] )er('en tagc' of natural cn'isses 1 )(‘C( mes as follows : 
normal o 4 \ ])ercent, vlneh when muhi])lied by two gives 0.88 

pen'c^nt as tlie ])0‘^^>ibl(.‘ extent of crossing. Tlie totals for the variety 
arc changCMl (o 2,275 jilants, 21 of which are proved hybrids. This 
gives o c)2 perc'ent of crossing, which when multi])lied l.)y two would 
indicate \ S4 percent as the jx^ssible natural crossing. These changes 
also change the totals for the entire ex])erimenl. 1*he total number of 
plants considered is reduced by three, or from 10.627 to 10.624, while 
the number of aberrants is reduced from forty-one to thirty-eight. 
As a result, the i)eiventage of proved natural crossing is o 36, instead 
t>f 0.30 ])ercent. This miilti])lied by two gives a percentage (f o 72 
instead of o 7S. 

These data indicate that the extent of natural crossing varied in 
the different varieties and also in the different head selections within 
varieties. 'I'his might indicate that crossing in some oat varieties may 
occur more readily than in others. The greatest percentage of nat- 
ural crosses was observed in lowar (C. 1 . No. 1585) in which an aver¬ 
age of nearly one percent of crosvses was found. In one selection row 
of this variety, 4.32 percent of the progeny w^ere natural crosses. The 
prevalence and extent of the natural crossing in this variety is 
more fully realized when it is noted that three-fourths of the rod row^s 
of the variety contained one or more natural crosses. Crosses were 
found in at least one-sixth of the rows of all varieties. The least cross¬ 
ing was observed in Pringle Progress (C. I. No. 1717) in which but 
0.05 percent of known crosses was foimd. If natural crossing in oats 
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is as frequent as these figures indicate, it is not surprising that marked 
variability exists in many oat varieties. 

These data clearly indicate the necessity for careful study of the 
breeding behavior of all material to be used in making crosses for in¬ 
vestigating the genetics of oats. They also may asvsist in explaining 
the genetic data not in confonnity to usual genetic ratios that have 
been obtained from hybridization experiments in oats. Further, it is 
possible that natural crossing may furnish an explanation for the oc¬ 
currence of some of the widely aberrant forms observed in oat varieties. 

The need for more consideration of the question of natural crossing 
of oats when planning plat and nurser}' experiments is indicated clear¬ 
ly by the results obtained in these experiments. 

SUMMARY 

In the present investigation to determine the extent of natural cross¬ 
ing in oats at Akron (Colo ) Field vStation, it w^is found that: 

Without doubt natural crosses do occur in oats; 

The extent of such crossing varied wdth the different varieties; 

The amount of natural crossing was greater in some selections than 
in others froin the same variety. 

It would appear that in oats natural crossing may account for some 
of the variability observed in su])posedly pure-line varieties, as well as 
for the frequent occurrence of widel}" aberrant forms in certain vari¬ 
eties. 

It is desirable that a study .should be made of the breeding ])ehavior 
of all oat strains to'be used in gc*nctic investigations, and that the in¬ 
heritance of certain characters be determined by growing the strains 
under careful obser\atiun for several generations previous to making 
crosses. 

The need for formulating better methods in plat and nursery tech¬ 
nique in conducting experiments with oats is apparent if the factor of 
natural crossing is to l^e eliminated. 
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FIELD CROP RESPONSE TO THE INGREDIENTS OF 
POTASSIUM SALTS^ 

Burt L. Hartwell, S. C. Damon and F. K. Crandall* 

Under certain conditions carriers of potassium, as well as of the other 
two fertilizer elements, may have marked crop effects other than those 
exerted by the fertilizer elements themselves serving directly as nu¬ 
trients. 

It was the purpose in this experiment to use magnesium-])otassium 
sulfate, muriate of ])otash, sulfate of potash and kainit under such 
conditions that not only the potassium but also the other ingredients 
should have an opportunity eventually to exert on crop plants any 
effect of which they may be ea]Kible. Consequently not only ])Otas- 
sium, but sodium, magnesium, sulfur and ehlorin uere reduced to the 
smallest ])racticable j^roportions in the basal a])i)lications ('ommon to 
all the plats. 

Two-fifteenths acre plats (Nos. 114-118) of the permanent ex])eri- 
mental area known as the station ])lain wore selec'ted for this pur])ose 
in 19 TI. They had not al 1 been tui‘d exad ly alike in ] >r('vious } ears, 1 >ut 
the new treatments were so arranged that it was believed that a satis¬ 
factory comparison could be made of the four ])o1assium salts 

The soil is Miami silt loam which not only (‘mtained considerable 
available j^otassiumbut had received fairly liberal amounts of ordinary 
fertilizer chemicals, incorisequenceofwhichallof the c'lements (except 
probably magnesiurf]) to be vsubsequently avoided in the basal a])])li- 
cationshadbeenajiidied. Forexampk\iu igoyand 1910 the fertilizer 
contained nitrate of soda, acid j)hosphate, muriate and sulfate of pot¬ 
ash, and even in 1911, 1912 atid 1914, acid ])hos])hatc with its sulfur 
content was unfortunately applied. 

One question of interest, therefore, was concerning the time when, 
if ever, there would be a depression in growth on the check, or no-po¬ 
tassium jdat following the use therein of the basal applications of fer¬ 
tilizer chemicals in which the ingredients of the potash salts were at 
most no more than inconspicuous constituents. 

No farm manure has been used in the experiment. The fertilizer 
applications, beginning with 1913, are stated in Table i. In 1911 and 
1912 combined, the basal fertilizer contained, besides other materials, 
561 potmds of nitrate of soda and 1326 pounds of acid phosphate per 

^Contribution 310 of the Rhode Island Agricultural Experiment Station, 
Kingston, R. 1 . Received for publication July 28, 1924. 

^Director and Agronomist, and Assistant Agronomists, respectively. 
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acre. By mistake 587 potmds of acid phosphate were also added in 
1914. These materials of course supplied sodium and sulfur, but the 
other materials used throughout the experiment as carriers of nitrogen 
and phosphorus are not carriers of the ingredients of the potassium 
salts. 


Table 1 .—Pounds of fertilizer ingredients applied per acre. 


Year 



Nitrogen 

in 

Phosphoric 

acid 

in 

Potash 




•M 










T3 

1 

s 

U 

Calcium nitra 

Dried blood 

Tankage 

Tankage 

Thomas slag 

Double 

superphosphj 

Precipitated 

phosphate 

The various sa 
to plats 114, 
117, 118. 

Sulfate to 

plat 119. 

1911 


4 .S^ 


35 

60 


40*"^ 


139 


1912 


40» 

40 




i8ot> 


150 


191.3 

15 



25 

16 

«5 

IOO^> 


50 

100 

1914 


50 






35 

105 

1915 

30 



50 

46 

74 



25 

75 

1916 

40 



50 

46 

50 

104 


50 

100c 

1917 

24 






I(X) 



75 

191H 

20 


25 




I(X) 



50 

1919 

25 


25 




100 



50 

1920 

20 



50 

72 


7 H 


50 

150 

1921 

30 






JOO 


50 

150 

1922 

15 

25 


45 

57 


68 

75 

50 

200 

1923 


35 


30 

32 


II8 

51 

50 

150 


‘'iAdcled in nitrate of soda. 
bAddcd in acid i)hos])hatc. 
cAddt'd in muriate. 


In IQ I j and 1912, the four salts were compared on an eqmil basis of 
139 and 150 pounds respectively of potash per acre, which was doubt¬ 
less more than was needed. As may be seen in Table 1, this was 
much reduced subsequent!)'. In fact, potassium salts were omitted in 
TQi;, 1918 and 1919 in order to create a deficiency of potassium, but 
were subsequently compared each year on a suboptimum basis of 50 
pounds of potash. Plat 119, however, was included with an extra 
amount of potassium in order to show the yields when there was suf¬ 
ficient ]X)tassium. 

None of the applications to these plats during their early history 
prior to this experiment was a recognized carrier of magnesium; but 
in 191T, 4 tons per acre of marl from Barton, Vermont, were used, in 
which the magnesium w'as not determined. There is no record of any 
subsequent application of lime, except in 1916, when one ton of hy¬ 
drated lime x>er acre was applied. It is regrettable that the composi¬ 
tion of this lime also cannot be stated. It is possible that it contained 
magnesium. 
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A discussion of the crop results may now be followed by reference 
to Table 2. Until 1918, there was apparently no deficiency of potas¬ 
sium salt even in the check plat which had received no potassium 
since 1910; and not until iqio, after omitting even the vStandard 
application of potassium salts for three years, was there on the 

Table 2 .—Acre yields with the different potash salts when used with basal mixtures 
usually containing but small amounts^ at most^ of any of the 
ingredients of these salts. 

Plat numbers and treatments 


Year 

Crops 

114 

115 

116 

117 

118 

II9 




VM 

0 

B 

.2 

*5? 

t/) 

UM 

S S 

5.3 
■is 5 

B 

»+-< o 3 






1-^ 

-V WJ P 



cS 

‘C 0 

.5 ^ 

0 

a 

0 

B <S 

:3a 

^ $ P 

Ci Q. CA 

(L> )*» (h 

p 



Ui 


X 

O) 

< 


1911 

Mangels, tons 

33 .« 

27 8 

27.8 

23.7 

22.8 

— 


Carrots, tons 

25 0 

22.7 

2'^,2 

22.4 

21.3 

-- 


Turnips, Swedish, tons 

24.4 

25 b 

26.1 

26.3 

24.8 

— 

1912 

Onions, bushels 

530 

554 

478 

435 

525 

— 

1913 

1914 

Oat hay, tons 

Grass and clover hay, 

2.36 

2.96 

2.89 

2.63 

2.21 

3 00 

tons 

3 <>o 

2 22 

1.02 

2 25 

2.18 

2.17 

1915 

Corn, oars, bushels 

(>7 

75 

76 

72 

b 5 

64 


stcjver, tons 

4 54 

4.24 

3.93 

4.03 

371 

3.82 

1916 

Potatoes, bushels‘i 

89 

98 

108 

C 34 

123 

123 

1917 

Wheat, gram, bush<‘ls 

14 

17 

15 

13 

13 

13 


straw, tons 

Grass and c 1 ov(t hay, 

1.19 

I 28 

I 64 

1.18 

1.09 

1.07 

1918 







lonsh 

2.59 

2 ,H 7 

2.06 

3-43 

2.14 

3-28 

1919 

Orc'hard grass and alfalfa 







luiy, tons 

2.62 

2.41 

1.91 

2.40 

1.69 

2.93 

1920 

J\)tatoos, bushels 

137 

Ib 3 

5 b 

125 

127 

271 

1921 

vSweet clover hay, tons 
Red clover hay, 2nd 

3 79 

3.15 

1-50 

2.74 

2.51 

3 bo 


croj), tons 

•94 

.90 

.38 

•94 

.83 

1.91 

1922 

Carrots, bushels 

640 

539 

445 

501 

558 

611 

tn 

a> 

Corn, ears, bushels 

67 

55 

7 

52 

3 b 

68 

0*2. rt 

stover, tons 

Mangels, tons 

2.00 

1.58 

.59 

1.62 

1.30 

2.08 

0 

0, 

32.2 

193 

6.8 

19.3 

12.1 

29.9 

ISi'S 

ea (s.C 

Oats, dough stage, tons 

8.26 

7.90 

7-44 

7-35 

6 72 

9-35 

Onions, bushels 

129 

86 

20 

89 

132 

335 


Potatoes, bushels 

166 

124 

47 

106 

134 

179 

1923 

Carrots, bushels 1019 

951 

654 

796 

850 

977 


Corn, ears, bushels 

54 

50 

17 

56 

46 

51 


stover, tons 

2.04 

1.88 

.83 

1.82 

1.73 

2.34 


Mangels, tons 

36.2 

21.2 

12.6 

20.1 

21.9 

32.9 

’S- 

Oats, tons 

«.63 

8.63 

724 

8.25 

6.38 

8.63 


Onions, bushels 

212 

318 

129 

275 

270 

415 


Potatoes, bushels 

174 

158 

67 

180 

128 

288 


apotato crop practically ruined by the extreme rainfall of 11.75 inches during 
July. Those sprayed three times with Bordeaux mixture produced only 73 per 
cent as great a yield of large potatoes as those sprayed nine times. Ounce pieces 
planted 9 in. apart in the drill produced 78 per cent as much as those planted 12 
m. apart, 

hit was estimated that the check plat had 50 per cent clover and the other 
plats 80 per cent. 
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plat to which an extra amount of potassium was added each year, 
a distinct increase in the yield of orchard ^^ass and alfalfa then growm. 
Prior to that year, therefore, even the potassium in the salts had not 
had an opportunity to exert its full effect. C'omparisons of yields 
before 3919 arc consequently of little value and are excluded from the 
discussion of the comparative effect of the potassium salts. 

First, attention should be called to the fact that in 1922 and 1923, 
when six crops were grovn on each plat, the area occui)ied by each was 
insufficient to warrant close ccmi^arisons. NeveithelCv^^s, of the four 
plats to which were ai)])licd 50 jxunds of potash, the one to W’hich w^as 
added magnesium-])otaSvSii m sulfate yielded the least and thekainit 
plat, the miost. The yields of the sulfate and muriate plats were inter¬ 
mediate. 

If the avcTage jjercentage increase wdth niagnesiuin-potassium sul¬ 
fate over the no-])otassium plat in case of the different crops growm 
during the last fi^'e years be considered as 100, the increase w*ith sul¬ 
fate w*as 109, W’ith muriate 113. and with kainit 335. No claim is 
made at this time that the diflerence I etw oen the muriate and sulfate 
is significant. I'he superior }'iolds wdth the kainit are most reasonably 
attributable to the well know’ii usefulness of sodium W'hen ])otassium 
is insufficient A composite sample of the kainit used contained 
percentages equivalent to the folknving. potasli, 13.:soda, 26.8^/^/, 
magnesia, 3 chlorin, 40.2^^; and sulfuric oxid, This 

material has, therefore, alxnit tw'iee as much soda as ])otash; where¬ 
as the muriate, the only either of the ])otassium salts w*ith an appreci¬ 
able amount of sodium contains little more than a tenth as much 
soda as potash. 

The magnesium content of the kahiit w^as low^ and since that in the 
magnesium-])otassium sulfate w*as ])ractically cciuivalent to the ])o- 
tassium, the ])ro])ortion of magnesium w^as therefore greater than in 
any of the other Scilts. This element constitutes the x)rincipal dif¬ 
ference in c()m])aring with the high-grade sulfate a])])lied to a contig¬ 
uous plat. It wx)uld appear, therefore, that the magnesium in some 
way interfered with the most efficient use of the associated potassiiun. 

Some attention in this connection has been given to the possibili¬ 
ty, especially considering the low- content of the alkalies, that the ab¬ 
sorption of magnesium and calcium may not have been optimum. 
In the autumn of 1923, the carrots on the tw^o plats now imder dis¬ 
cussion w^ere sampled, and magnesium and calcium determinations 
made. There w^as practically no difference in the two samples, and 
the magnesium was less than the calcium, as is usual with carrots. 
In Bulletin 189, of the Rhode Island Agriculture Experiment Station, 
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page 23, it is shown that in 1921 the acidity of the soil of these plats was 
represented by pH 6.1 to 6.5, and acalcitim-oxid requirement of 1080 
to 1800 pounds per two million pounds of soil (calcium acetate method). 
In July 1922, the surface soil of the no-potassium plat (No. 116) and 
of the plat receiving the most potassium (No. 119) had, respectively, 
277 and 317 p, p. m. of active alumina soluble in 0.5 iV acetic acid, 
and each a pH of 6.1. These determinations do not indicate a degree 
of acidity to which crops are sensitive, and the variations from 
plat to plat do not throw any light on the question at hand. The 
most acid plat was the no-potassium plat. 

Determinations were made of the activity of the potassitmi in the 
surface soil, in order to secure indications especially as to whether 
the plat 'which receives magnesium-potassium sulfate had been de¬ 
pleted during the earlier years of the experiment, possibly through the 
influence of the associated magnesium sulfate. The following results 
in parts per million of dry soil were obtained: 

No-potas- Potassium Magnesium- 
sium plat sulfate potassium 

plat sulfate 
plat 

(116) (117) (118) 

p.p.m. K2O p.p.m. K2O p.p.m. K2O 


April 4, 1922 Sat.,C02 water 

8 

11 

10 

.04 N nitric acid 

45 

52 

23 

Oct. 9,1923 

97 

182 

75 

April 3,1924 “ 

68 

138 

III 


One part of soil and five parts of solvent were used in the extrac¬ 
tion. 

The spring samples were taken before the fertilizer was applied, 
and the determinations made on the fresh soil. The autumn samples 
were stored over winter before the above determinations were made. 
11 may be seen that in each case there was more active potassium in the 
soil to which potassium sulfate had been added than where the same 
amount of potassium sulfate was associated with magnesitun sulfate. 

Magnesium sulfate increases available potassium, but in the early 
years of the estperiment when the latter was abundant this could serve 
no useful purpose and the near soluble potassium apparently became 
so depleted that in the later years the magnesium sulfate could make 
even less attack on the reserves than the other potassium salts. 
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SUMMARY 

For ten years, the basal fertilizer common to all the plats has been 
composed of materials which are not carriers of potassium, sodium, 
magnesium, sulfur or chlorin. 

These elements were added in one or more of the commercial po¬ 
tassium salts, kainit, muriate, sulfate and magnesium-potassitun sul¬ 
fate or double manure salt; and any eflfect on crop growth has been 
measured by comparison with the crops produced where only the bas¬ 
al fertilizer is used (no-potassium plat). 

Even on this latter plat there was no apparent deficiency of potas- 
siiun until igi8. The potassium salts were compared on the basis of 
an equal amount of potassium, which was recently suboptimum. 

During the last five years, if the average percentage increase due 
to the magnesium-potassium sulfate is represented by loo, that with 
sulfate of potash equals 109, that with muriate equals 113, and that 
with kainit equals 135. 

InavSmucli as sodium is useful when potassium is insufficient, the 
superiority of the kainit was doubtless due to the fact that it con¬ 
tained about twice as much soda as potash. It contained only a little 
magnesia. 

If sulfur exerted any effect in the sulfate, it was apparently less, 
than that exerted by the sodium in the muriate. 

It is evident that magnesium was not deficient, othenvise the mag¬ 
nesium-potassium sulfate would scarcely have proved to have the 
leavSt beneficial effect on the crops. 


OBSERVATIONS ON THE TIME OF BLOOMING 
OF RICE FLOWERS' 

Jenkin W. Jones'-^ 

INTRODUCTION 

Prior to starting some hybridization experiments with rice, the writ¬ 
er made observations on the time of blooming of rice flowers, in order 
to determine the hours at which blooming is at a maximum and when 
pollen could be most easily collected for use in crossing. 

The inflorescence of rice is a terminal panicle of perfect flowers. 
The one-flowered spikelet bears a branched stigma and six stamens. 

^Contribution from the Office of Cereal Investigations, Bureau of Plant In 
dustry, U. S. Department of Agriculture. Received for publication July 27, 1924. 

•Agronomist in charge, Biggs Rice Field Station, Biggs, Calif. (Cooperative 
investigations of the Bureau of Plant Industry, U. S. D. A. and the California 
Agricultural Experiment Station). 
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The lodicules are well developed. Fruwirth, according to Pope (i)*, 
observed the following sequence in the blooming of rice: “Flower be¬ 
gan to open at 14 minutes after 10 o’clock; it was fully open at 14 
minutes, 30 seconds, past 10; the anthers burst at 10.21; and the 
flower closed at i :oo p. m.” In California, the writer has observed 
that the flowers open more slowly, but the anthers free the pollen 
sooner than was the case in the flower observed by Fruwirth. Rice 
normally is self-fertilized, but investigations have shown that cross¬ 
pollination occasionally may occur. 

REVIEW OP LITERATURE 

Sharngapani (2), in India, observed that the time at which the pad¬ 
dy flowers open differs with the time of the year when the paddy plant 
flowers. Aus, or early paddy, which is sown in April and May and 
flowers in July and August, opens about 7 a. m.; while sail, or trans¬ 
planted paddy, which flowers in October, opens at about 9 a. m. He 
also observed that weather conditions at the time of flowering affect 
a good deal the time of opening, sunshine hastening the process and 
clouds and rain retarding it. 

Thompstone (4) made obvservations on the blooming of rice flow¬ 
ers in Upper Burma and reports that the glumes open, the stamens 
hang out, and the feathery stigma protrude only once, for a short 
time in the early morning, usually between 7 and lo a. m. He states 
also that dewy mornings appear to be most favorable; and flower¬ 
ing will then be at its maximum height about 8 to g a. m. As the 
dew gradually disappears the flowers will be found to be opening rap¬ 
idly, but as the day begins to get bright, dry and warm, no more 
glumes open and those already opened close up again, the stamens by 
this time being dry and shriveled. 

Torres (5) states that the rice flowers in the Philippines generally 
open between g and 11.30 a. m. on bright sunny days. At times, but 
very rarely, a few flowers will open when the sun peeps out in the 
afternoon of a cloudy day. Flowers which emerge from their shpath 
one day are sure to open up the following day, provided this is simny. 
This is especially true of non-bearded varieties. Bearded varieties 
are known which open three days after emerging from the sheath. 

Van der Stok (3) foimdthat in Java rice flowers do not open before 
6 a. m. or after 3:30 p. m.; that the greater number of blossoms 
opened between 10 to 12 o’clock but that alsoalarge number opened 
between 9 to 10 a. m. and between 12 to i o’clock. 

This brief review of the literature indicates that the maximum time 

'^Reference by number is to "Literature Cited,” p. 669. 
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of blooming of rice flowers varies in different countries and in the 
same country under varying climatic conditions. 

EXPERIMENTAL WORK 

METHODS USED 

The observations of the time of blooming of rice flowers reported 
in this paper were made in 1922, from August 15 to 17, and from 
September 14 to 18, inclusive, at the Biggs Rice Field Station, Biggs, 
California. The observations were made on early maturing and late 
maturing short-grain, and late maturing long-grain rices. The vari¬ 
eties included in these observations were growing in the nursery in 
rod-rows spaced three feet apart. Panicles of each variety which 
were being exserted from the sheath were numbered and tagged. 
The tagged panicles were inspected daily at 8 and 10 a. m., 12 m., 
2 or 2 :30, and 4 and 5 o’clock, p. m., and the flowers which had 
bloomed, or were in the i)rocess of blooming, were counted, record¬ 
ed, and carefully clipped from the panicles. The writer is aware of 
the fact that a slight mechanical jar may cause wheat flowers to open, 
but the ex])erience with and observation on rice in California indi¬ 
cate that the flowers of rice are not nearly so sensitive in this 
respect as those of wheat. It is believed that the careful clipping 
of the bloomed flowers from the panicle did not alter the time of 
blooming of the flowers remaining on the i)anicle. 

THE TEMPERATl'RK DURINO THE DAYS OF OBSERVATION 

Observers have rcfiorted that the temperature and condition of the 
atmosphere have a marked influence on the time of blooming of rice. 
Therefore the temperature and the condition of the sky for the days 
on which observ^ations on blooming w^ere made are presented in Table i. 
On August 15, 16 and 17 the maxiratun and minimum temperatures 
w^erc low^er, and the daily range in temperature less, than for the 
period from September 14 to 18, inclusive. The sky was clear and 
humidity low^ each day, and conditions were favorable for flowering. 

Table i.— Maximum, minimum, and daily range in temperature, and condition of 
the sky, during the days on which observations were made on the time of 
blooming of rice flowers in IQ22, 

Temperature ®F. 


Month and 

day 




Sky con¬ 


Maximum 

Minimum 

Range 

dition 

August 

15 

91 

57 

34 

clear 

16 

89 

58 

31 

<4 


17 

89 

54 

35 

44 

September 

102 

60 

42 

44 

14 


lOI 

61 

40 

41 


ID 

98 

62 

36 

44 


17 

98 

59 

39 

44 


18 

97 

59 

38 

<1 
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TIME OF BLOOMING OF RICE FLOWERS 

The data concerning the time of blooming of the several different 
varieties are assembled in Table 2. They may be briefly summar¬ 
ized and discussed according to types as follows: 

Table 2.— Summary of results of observations on the time of blooming of different 
classes and varieties of rice at the Biggs Rice Field Station^ Biggs, California 

in 1 Q 22 . 

Number of flowers blooming between 

Class and variety C.I. 8 and 10 a.m 12m. and 2 and 4 and Total 
No. 10 a.m. and 12m. 2 p.m. 4 p.m. 5p.m. number 


Early short-grain varieties a 


b 

c 

a 

of flowers 

Colusa 

1600 

5 

51 

16 


72 

Bomba 

2085 

I 

47 

I 


49 

Unnamed 

2119 

5 

42 

5 


52 

Unnamed 

2120 

0 

27 

0 


27 

Unnamed 

2310 

9 

30 

3 


42 

Geppu 2311 

Total 

Percentage 

Late short stain varieties 

5 

25 

9.06 

27 

224b 

81.16 

2 

27c 

9.78 


34 

276 

100 

Shinriki 

1642 0 

2 

210 

I12 

6 

330 

Omachi 

1573 3 

18 

198 

23 

2 

244 

Wataribune 

1561 0 

10 

178 

19 

0 

207 

Total 

3 

30 

586 

154 

8 

781 

Percentage 

.38 

3.84 

75.03 

19.72 

1.03 

100 

Late long-grain varieties 

Unnamed 

1241 0 

49 

136 

3 

0 

188 

Unnamed 

1258 0 

38 

97 

2 

0 

137 

Unnamed 

1288 0 

6 

107 

10 

0 

123 


— 

——— 

-.- 

-- 

— 


Total 

0 

93 

340 

15 

0 

448 

Percentage 

0 

20.76 

75-89 

3-35 

0 

100 

Grand Total 

3 

148 

1150 

196 

8 

1505 

Percentage 0,20 

aNo observations made. 

9.84 

76.41 

13.02 

0.53 

100 


bObservation between 12 m. and 2:30 p. m. 

^Observation between 2:30 and 5 p. ip. 

Early Short-grain Varieties 

The data for early short-grain varieties show that 2 5 flowers bloomed 
between 10 a. m. and 12 m.; 224 between 12 m. and 3 .*30 p. m., and 
27 between 2 .*30 and 5 p.m. Of the 276 flowers observed, 81.16 per 
cent bloomed between 12 m. and 2 .*30 p. m. Approximately equal 
percentages of the remainder bloomed between 10 a. m. and 12 m., 
and between'2:3o and 5 p. m., respectively. 

Late Short-grain Varieties 

The data for the late short-grain varieties show that 3 flowers 
bloomed between 8 and 10 a. m.; 30 between 10 a. m. and 12 m.; 
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586 between 12 m. and 2 p. m.; 154 between 2 and 4 p. m., and 8 be¬ 
tween 4 and 5 p. m. Of the 781 flowers observed, 7 5.03 percent bloomed 
between 12 m. and 2 p. m. and 19.72 per cent between 2 and4p. m., 
or a total of 94.75 percent of the flowers observed bloomed between 
12 m. and 4 p. m. Of Shinriki, a larger number of flowers bloomed 
between 2 and 4 p. m. than of Omachi and Wataribune, but fewer 
flowers bloomed between 10 a. m. and 12 m. 

Late Long-grain Varieties 

The average results of observations on the late maturing long-grain 
varieties show that no flowers bloomed between 8 and 10 a. m.; 93 
bloomed between 10 a. m. and 12m.; 340 between 12 m. and 2 p. m.; 
and 15 between 2 and 4 p. m. Of the 448 flowers observed, 20.76 
percent bloomed between 10 a. m. and 12 m. and 75.89 percent be¬ 
tween 12 m. and 2 p. m or a total of 96,65 percent bloomed between 
10 a. m. and 2 p. m. 

SUMMARY 

In summarizing the observ’ations on the time of the blooming of 
rice flowers, as presented in Table 2, it is noted that over three-fourths 
of the rice flowers observed bloomed between 12 m. and 2 p. m., and 
that more flowers bloomed between 2 and 4 p. m. than between 
10 a. m. and 12 m. Varietal diflercnces ajjpear to have some influ¬ 
ence on the time of blooming. Few^er flowers of vShinriki bloomed be¬ 
fore 12 m. and more after 2 p. m. than was the case with Omachi and 
Wataribune. Many more flowers of the long-grain varieties, C. I. Nos. 
1241 and 1258, bloomed between 10 a. m. and 12 m. than of the short 
grain varieties. 

Of the 1,505 flowers observed, 3 bloomed between 8 and 10 a. m.; 
148 between 10 a. m. and 12 m.; 1,150 between 12 m. and 2 p. m.; 
196 between 2 and 4 p. m., and 8 between 4 and 5 p. m. More than 
three-fourths of the flowers observed bloomed between 12 m. and 2 
p. m., and a slightly larger number bloomed between 2 and 4 p. m. 
than between 10 a. m. and 12 m. It appears, therefore, that the max¬ 
imum period of blooming of rice flowers in California is later in the 
day than in those other countries for which such data are available. 
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RELATION OF SEED SIZE TO THE YIELD OF SMALL 
GRAIN CROPS' 

T. A. Kiesselbach® 

INTRODUCTION 

Studies concerning the relation of seed grades to the grain yields 
of small grain crops have been so varied and of such long duration 
at the Nebraska Agricultural Experiment Station that a summary of 
results would seem to be of general interest. It is the purpose of this 
paper to develop the principles involved in this problem, and to sum¬ 
marize all the data which are available to date. 

The practical significance of such investigations depends upon the 
degree to which the methods of comparison approach applicability to 
farm conditions. Those field comparisons are probably of greatest 
importance which include the practice most commonly in vogue 
among crop producers.*^ A sound recommendation regarding the prin¬ 
ciple of the mechanical grading of seed can hardly be made from a 
mere comparison of extremes. The vital question is, how does the 
graded compare with the ungraded seed. A matter of only second in¬ 
terest is the comparative performance of relatively light weight seed 
resulting from unfavorable growth conditions with seed of normal de¬ 
velopment. Correct information on these points may be of material 
value to the farmer. 

The methods which have been reported in the literature for select¬ 
ing seed grades may be classified as follows: (i) hand selection, (2) 
fanning mill separation, (3) specific gravity separation by use of a salt 
solution, and (4) choice of distinct grades resulting from difference 
in the favorableness of growi:h conditions. 

The rate of spacing of the seed has varied greatly in different ex¬ 
periments which may be classified as follows: (1) those in which seed 
are spaced far apart to permit maximum development of individual 
plants, and (2) those in which seed are planted close, testing the grades 
in either, (a) equal numbers, (b) equal weights, or (c) equal volumes 
per acre. 


‘Contribution from the Department of Agronomy, Nebraska Agricultural Ex¬ 
periment Station, Lincoln, Nebraska. Received for publication July 29, 1924, 
•Agronomist. 
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The comparisons have all been made in either (i) small nursery- 
plats, (2) larger field plats, or (3) in pots filled with soil or culture 
solution. 

EXPERIMENTAL WORK 

The presentation of the Nebraska data will be in the sequence of 
the least comparable to the most comparable with farm field condi¬ 
tions. All tests were made in the field, in either nursery or larger 
field fjlats. Nursery plats were hand seeded, and since 1911 consisted 
of replicated 3-row blocks, of which only the center rows are used for 
comparison. The field plats, one-thirtieth acre in size, have been in 
duplicate since 1909 and were seeded with a standard grain drill. 

YIELD PER PLANT FROM LAR(.E AND SMAI.L SEED SPACED TO PERMIT 
MAXIMUM DEVELOPMENT 

The inherent yielding capacity, unhampered by competition with 
adjacent plants was determined for large and small hand selected seed 
of winter and spring wheat and oats by spacing 6 inches apart in 
nursery blocks. The individual kernel weights of the small seed plant¬ 
ed for thCvSe crops were only 37, 59, and 46 percent as great respec¬ 
tively as for the large seed. Each test was systematically replicated 5 
times. All jjlants were pulled by hand w^hen ripe, and individual 
counts and measurement.s w eie made. The average results for the four 
year jicriod, 1920-1923, arc given in Table i. For the wdnter wheat, 
springwheaL, and oats the small seed yielded, respectively 81.4, 82.1, 
cUid 82.6 percent as much as the large. Idants from the small seed stool- 
ed less, were shorter, slightly later ripening, and lewder in grain yield. 


Takle I.— Effect of size of seed on size and yield of small f^rain plants when spaced 
to permit maximum individual development. Four year average, ig20-ig2^. 


Seed planted Crop harvested 

> nr . i . T N ^ i A.T_1._ 


Grade 

Weight 

Date 

Date 

Number 

Height 

No of 

Yield of 

of 

per 

in 

ripe 

of 

of 

heads per 

grain 

seed 

100 

head 


I)lants 

plants 

plant 

per i)lant 






Inches 


Grams 

Turkey Red winter wheat. 






Large . 

3.57 

6-12 

7-3 

259 

35-2 

13.0 

4-25 

Small. 

1.32 

6-13 

7-4 

253 

33.5 

11.9 

346 

Ratio. 

0.37 

-- 

— 

-“ 

0.95 

0.92 

0.81 

Java spring wheat. 

Large. 2.78 

6-17 

7-9 

400 

31.2 

5-24 

2.028 

Small. 

1.64 

6-18 

7-9 

362 

29*5 

452 

1.666 

Ratio. 

0.59 

— 

— 

— 

0.95 

0.86 

0.82 

Kherson oats. 








Large. 

2.56 

6-14 

7-6 

451 

29.2 

4.89 

4.729 

Smdl. 

1*25 

6-16 

7-7 

466 

28.2 

4 - 3 H 

3.906 

Ratio. 

0.49 

— 

— 

— 

0.97 

0.90 

0.83 
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EQUAL WEIGHTS VERSUS EQUAL NUMBERS OF LARGE, SMALL AND 
UNSELECTED SEED 

Winter wheat, spring wheat, and oats have been included in this 
test. A summary of the results is shown in Tables 2 and 3. Compar¬ 
isons have been made in 3-row nursery” plats replicated 10 times an¬ 
nually. The procedure was to plant the large seed at a rate approxi- 



Fig. I Representative seed grades selected by hand and compared for yield b}*” 
several methods of testing. (Tables i to 3) 

Left to right: Bottom row (i) Turkey winter wheat,—ungraded, small, large. 
(2) Java spring wheat—ungraded, small, large. 

(3I Kherson oats— unladed, small, large. 

(4) Same as 3 with hulls removed. 
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mately normal in the farm practice of this region. This rate actually 
amounted to an average of six pecks per acre for winter and spring 
wheat, and ten pecks for oats. The small and the imselected seed 
were then planted in comparison with the large by seeding in both 
equal numbers and equal weights of seed per unit area. 


Table 2 .—Comparative yields from large, small^ and unselected seed of small grain 
crops when planted in equal numbers and also equal weights of seed per 
acre at an optimum rate for large seed. 


Grade Equal numbers of seed Equal weights of seed 

of Seed planted per acre Yield Seed planted per acre Yield 

seed Number Weight per acre Number Weight per acre 

Pounds Bushels Pounds Bushels 


Turkey Red winter wheat, to years, 


Large. 1,308,107 90 

Small. 1,308,107 54 

Unselected 1,308,107 73 

Java spring wheal. 9 years, 1915-1923 
I-^rgc. . 1,452,000 89 

Small. 1,452,000 55 

Unselected 1,452,000 71 

Kherson oats. 12 year average, 1912-19 
Large ’ 1.500,642 78 

Smiill 1,500,642 45 

U nselectei la. i, 5(K) ,642 58 


I, 1914-1916, 1918-1923 


357 

1,308,107 

90 

357 

32.8 

2,222,359 

90 

34*3 

34-5 

1,613,780 

90 

36.8 

133 

1,452.000 

89 

13-3 

11.3 

2.458.599 

89 

12.0 

12.7 

1.796.094 

89 

134 

3 

43.3 

1,500,642 

78 

43.3 

40.6 

2,632,897 

78 

42.8 

417 

2,016,011 

78 

43 0 


aThe test in eciual numbers of unselectcd Khers»>n oats W'as made during only 
the last 7 years. The results for this grade in this 12-year summary arc calculated 
on the basis of the 7-year comparative performance. 


Table 3 —ReJaHve results from large, small, and unsclected seed of small grain crops 
when planted in equal numbers and also equal weights of seed per acre, 
at an optimum rate for large seed,^ 


GracU^ Equal numbers of seed Equal weights of seed 

of Seed planted ])er acTe Yield Seed planted per acre Yield 

seed Nhimber Weight per acre Number Weight per acre 



Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Turkey Reel winter wheat. 

Ten years, 1911, 

1914-1916, and 1918-1923 


Large. 

100 

100 

100 

100 

100 

100 

Small. 

100 

60 

91.9 

170 

100 

96.1 

Unselected. 

100 

81 

96.6 

123 

100 

103.1 

Java spring wheat. 9 years, 
Large. 

, 1915-1923 

100 100 

100 

100 

100 

100 

Small. 

100 

62 

8s 

169 

100 . 

90.2 

Unselected. 

100 

80 

95-5 

124 

100 

100.8 

Kherson oats. 12 years, 1912-1923 
Large. 100 

100 

100 

100 

100 

100 

Small. 

100 

58 

93-8 

175 

100 

98.8 

Unselected. 

100 

74 

96.3 

134 

100 

99-3 

Summary for the three cereals 

Large. 100 

100 

100 

100 

100 

100 

Small. 

100 

60 

90.2 

171 

100 

950 

Unselected. 

100 

78 

96.1 

127 

100 

101.1 


^These data ate calculated trdth thosfe presented in Table 2. 
















674 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 

Turkey Red winter wheat When equal numbers of seed were sown 
the comparative grain yields per acre from large, small, and tmselect- 
ed seed during a ten year period were loo, 92 and 97 percent; where¬ 
as when equal weights of seed were used the corresponding yields 
were 100, 96, and 103 percent. 

Java spring wheat. Comparing large, small, and tmselected seed 
of Java spring wheat by seeding equal numbers of seed per imit area, 
the respective relative grain yields during a nine year period were 100, 
85, and 96 percent; while the corresponding yields were* 100, 90, and 
loi percent seeded at equal weights per acre. 

Kherson oats. Seeded in equal numbers, the large, small, and im- 
selected seed of Kherson oats gave the respective relative yields dur¬ 
ing a twelve year period of 100, 94, and 96 percent. Equal weights 
of these respective seed grades gave the relative yields of 100, 99, and 
and 99 percent. 

Average of the three cereal crops. Combining the results for winter 
wheat, spring wheat, and oats shows that: Small seed weighing 60 
percent as heavy as the large, yielded 10 percent less than the large 
when compared in equal numbers, and 5 percent less when equal 
weights of the seed were sown. The imselceted seed, averaging 78 
percent as heavy as the large, yielded 4 percent less than the large 
seed when compared in equal numbers; whereas the yield was i per¬ 
cent higher than that from the large seed when equal weights of 
seed were sown per acre. 

COMPARISON OF FANNING MILL GRADES OF WINTER WHEAT AND OATS 
SEEDED AT A UNIFORM VOLUME 

Winter wheat. Annual separations were made from a pure line (Ne¬ 
braska No. 6) of Turkey Red winter wheat during the five years, 
1919-1923. Four grades were included in each test; viz., (i) largest 
one-fotu*th, and (2) smallest one-fourth, as separated on an ordinary 
screen fanning mill; (3) heaviest one-fourth, and (4) lightest one- 
fourth as separated on a wind blast gravity grader. A fifth grade of 
light seed which had resulted either from severe rusting or premature 
harvesting of the growing crop was included. All of these grades were 
compared with the original wheat corresponding with that from which 
they were selected. The tests were made in duplicated one-thirtieth 
acre field plats drilled at a uniform volume of five pecks per acre. 
The results are shown in Table 4. 

Based on the original wheat as 100 percent, the five year average 
yields as shown in Table 4 were: (1) unselected, 100 percent; (2) 
largest one-fourth, 101.9 percent; (3) heaviest one-fotirth, 98.7 per- 
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Table 4 Effect of fanning mill grading upon the yield of a pure strain of Turkey 
Red winter wheats {Nebraska No, 6), Five year average, iQiQ-ip 2 j. 

Test Summary for period 

Character of seed weight Plant Date Date Weight Yield 
of seed height in ripe per bu. per acre 
planted head Actual Relative 

Pounds Inches Pounds Bu. Pet. 

Original untreated . 58.5 36.7 6/2 7/1 58.5 31.i 100.0 

Largest X (fanning mill). 59.8 36.9 6/2 7/1 58.7 31.7 101.9 

Smallest X (fanning mill) ... 58.0 37.3 6/2 7/1 58.2 30.5 98.1 

Heaviest (wind blast). 60.0 37.0 6/2 7/1 58.3 30.7 98.7 

Lightest J 4 (wind blast).... 57.2 36.6 6/2 7/1 58.0 30.0 96.5 

Shrunken seed'i. 54.5 36.7 6/2 7/2 58.1 31.8 102.3 

aNote: Seed from either badly rusted or immaturely harvested wheat. 


cent; (4) average for largest and heaviest grades, 100.3 percent; (5) 
smallest one-fourth, 98.1 percent; (6) lightest one-fourth, 96.5 per¬ 
cent; (7) average for smallest and lightest grades, 97.3 percent, and 
(8) light grade shrunken seed, 102.3 percent. Thus, the maximum 
average increase from grading was 1.9 percent and the greatest re¬ 
duction from discarding the best three-fourths of the seed was 3.5 
percent. 

Table 5 —Yields of light and heavy seed wheat as separated by a gravity fanning 
mill. Seventeen years, igoo-igii and jgig-igjj. 





Yield per acre^ 



Kind of seed planted 


1900-1911 


1919-1923 Ave. for 17 yearsh 

Big 

Turkey 

Ave. 

Turkey 

Actual 

Relative 


F rame 

Red 


Red 

Bushels 

Per cent 

Original unselccted .. 

32.6 

34-4 

33.5 

31.1 

32.8 

100.0 

Heaviest one-fourth . 

32.4 

35-4 

33.9 

3 f >-7 

32.9 

100.3 

Lightest onc-fourlh . 

31-0 

35-1 

330 

30.0 

32.1 

98.0 


aUndujilicatcd plats during first 10 years. 

^The seventeen-year average represents the yield for two varieties during the 
first twelve years, and one variety thereafter. 


In an earlier test during 1900-iQii, the results of which are shown 
in Table 5, two varieties of winter wheat gave the following relative 
results when graded by weight on a wind blast gravity separator: 
(i) original unselected seed, 100 jicrcent; (2) heaviest one-fourth seed, 
101.2 percent; and (3) lightest one-fourth vSeed, 98.5 percent. Includ¬ 
ing the 1919-1923 results for Turkey Red, these relative yields were, 
respectively, 100, 100.3, 9^ 0 percent. 

Oats, The effect of seed grading was studied during six years, 1917 
and 1919-1923, upon common Kherson oats, which is a natural mix¬ 
ture of strains and also upon a pure line selection from this variety 
known as Nebraska No. 21. Separations and yield tests were made 
after the same plan described for the five year winter wheat test on 
page 674. The results shown in Table 6, indicate no striking dif¬ 
ference in the reaction to grading by the commercial variety and the 
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Table 6 —RekUive effect of fanning mill grading upon common Kherson oais^ versus 
a pure line of Kherson oats,^ Six year average, and jQig-iQ23, 


Character of seed planted 

Weight 

Date 

Grain harvested 
Date Height Weight Yield 

Oradeo 

per 

per 

in 

npe 


per 

per acre 

1000 seed bushel head 
Grams Pounds 


In. 

bushel Actual Relative 
Lbs. Bu. Pet. 

Common Kherson 

Original ungraded .... 

16.90 

29.5 

6/12 

7/4 

30.6 

309 

59-6 

100.0 

Heaviest one-fourth. .. 

19.16 

31.3 

6/11 

7/4 

30.1 

31.0 

594 

99.7 

Lightest one-fourth_ 

16.73 

29.0 

6/12 

7/5 

30.5 

30.7 

57-8 

97.0 

Largest one-fourth. ... 

22,39 

30.0 

6/12 

7/4 

30.6 

30.9 

59.3 

99-5 

Smallest one-fourth... 

12.81 

30.0 

6/12 

7/4 

30.2 

31.1 

5«-9 

98.8 

Nebraska No. 21 Kherson 
Original ungraded .... 18.23 

29.8 

6/13 

7/4 

31.7 

31.1 

60.1 

100.0 

Heaviest one-fourth. .. 

19.12 

30.8 

6/13 

7/4 

31.5 

31.4 

60.9 

101.3 

Lightest one-fourth. . . 

16.82 

29-5 

6/13 

7/5 

7/4 

31-2 

314 

58.9 

98.0 

Largest one-fourth.... 

23.29 

30.8 

6/13 

31-6 

31.5 

57-8 

96.2 

Smallest one-fourth. . . 

1555 

305 

6/13 

7/5 

309 

31.1 

58.1 

96.7 

Average for both sorts 

Original ungraded. 

17-56 

29,6 

6/12 

7/4 

311 

31.0 

59-8 

100.0 

Heaviest one-fourth... 

19.14 

310 

6/12 

7/4 

30.8 

31-2 

60.2 

i(X).5 

Lightest one-fourth. .. 

16.77 

29.2 

6/12 

7/5 

30.8 

31.0 

58.3 

97'5 

Largest one-fourth.... 

22.84 

30.4 

6/12 

7/4 

31.1 

31.2 

5«-5 

97.8 

Smallest one-fourth. .. 

14.18 

3«-2 

6/12 

7/5 

30.5 

31.1 

58-5 

97.8 


aAll grades seeded in duplicate with drill set at ten pecks per acre. 

^The heavy and the light grades were separated with a windblast fanning mill 
while the large and the small grades were separated by an ordinary screen fanning 

mill. 

pure line strain. As an average for the two sorts, the (i) ungraded 
seed yielded 59.8 bushels per acre; (2) heaviest one»fourth, 60.2 bush¬ 
els, (3) largest one-fourth, 58.5 bushels; (4) lightest one-fourth, 
58.3 bushels, and (5) smallest one-fourth 58.5 bushels. The corre¬ 
sponding relative yields were 100, 100.5, 97.8, 97.5, and 97.8 fiercent. 

Table 7 —Effect of fanning mill grading upon the yield of Kherson oats. Average 
for eighteen years, igos-igiy and igig-igzj. 

Yield of grain per acre 


Grade of seed planted Actual Relative 

Bushels Per cent • 

Original unselected. 56.3 100.0 

Heaviest one-fourth. 56.8 100.9 

Lightest one-fourth. 55.9 99.3 


In a test extending over 18 years, 1905-1917, and 1919-1923, the 
results of which are shown in Table 7, three fanning mill grades of 
Kherson oats gave the following restilts: (i) original unselected, 
56.3 bushels (2) heaviest one-fourth, 56.8 bushels; and (3) lightest 
one-fourth, 55.9 bushels. Corresponding relative yields were 100, 
100.9, a^id 99.3 percent. 
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HISTORICAL SUMMARY OP THE GRAIN YIELDS FROM SEED 
GRADES OF SMALL GRAIN CROPS 

From a review of the literature, it is concluded that practically all 
investigations reporting the relative grain yields from different grades 
of small grain seed fall into one or more of the groups which have been 
used to classify the Nebraska tests in Tables i to 7. With the excep¬ 
tions of pot experiments, all such investigations that have been found 
in the literature are brought together in Tables 8 to 12. Pot experi¬ 
ments with winter wheat conducted by Voelcker (27, 28, and 29) 
during two years, (1902 and 1903) and Williams (32) during one year 
(1905), gave respective average increases in grain yield of four and 
nineteen percent for small over large seed. References not reporting 


Table 8 —Relative yields of large and small seeds, space-planted to permit maximum 
individual plant development. 

Dur¬ 
ation Relative yields 


Crop 

Investigator 

of 

Large 

Small 



test 

seed 

seed 



Years Percent Perc( 

Winter wheat 

Cobb (4). 

. 3 

100 

83 

Winter wheat 

Kiesselbach (12). 

. 4 

100 

81 

Spring wheat 

Bolley (2) . . . 

. 4 

100 

90 

Spring wheat 

Kiesselbach and Helm (ii). . 

. T 

100 

64 

Spring wheat 

Kiesselbach and Lyncss (13) 

. 4 

100 

82 

Oats 

Kiesselbach and Helm (11) 

I 

100 

84 

Oats 

Kiesselbach and Lyness (13) . 

. 4 

100 

S 3 

Oats 

Williams and Welton (34). .., 

. 5 

100 

94 

Winter wheat 

Percival (22) . 

5 

100 

69 



Average 

100 

81 


Table 9 —Relative yields from large and small seeds when planted in equal numbers, 
at a rate normal for the large seeds. 




Dur¬ 

ation 

Yield per acre 

Ratio 

Crop 

Investigator 

of 

Large or 

Small or 

small 



test heavy 

light 

to 




seed 

seed 

large 



Yrs. 

Bu. 

Bu. 


Winter wheat 

Kiesselbach and Helm (ii). .. 

• 4 

43.20 

41-30 

.96 

Winter wheat 

Kiesselbach (12). 

. 10 

35-7 

34.3 

.96 

Winter wheat 

Montgomery (20). 

I 

47-17 

43-81 

.93 

Winter wheat 

Soule and Vanattcr (24). 

. 3 

26.60 

23.42 

.88 

Winter wheat 

Zavitz (35). 

. 6 

46.90 

40.40 

.86 

Spring wheat 

Kiesselbach and Helm (i i). .. 

. 2 

18.30 

14.20 

.78 

Spring wheat 

Kiesselbach and Lyness ,(13) • • 

• 9 

13.3 

12.0 

.90 

Spring wheat 

Zavitz (35). 

. 8 

21.70 

18.00 

.83 

Oats 

Kiesselbach and Lyness (13).. 

. 12 

43-3 

42.8 

.99 

Oats 

Kiesselbach and Ratcliff (14).. 

. 5 

46.10 

41.00 

.89 

Oats 

Montgomery (20)... 

I 

48.32 

43.85 

.91 

Oats 

Zavitz (36). 

. 7 

54-10 

46.60 

.86 

Oats 

Zavitz (36). 

. 12 

70.50 

53.86 

.76 

Barley 

Soule and Vanatter (24). 

I 

36.30 

28.70 

.79 

Barley 

Zavitz (35). 

. 6 

53.80 

50.40 

•94 

Rye 

Nielson (21). 

• 4 

26.70 

2570 

.96 


Average 

39.50 

35.02 

•89 
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Table 12— 

-Relative yields from large and small seeds when planted in equal 
weights, at a rate normal for the large seeds. 

Dur- Yield per acre Ratio 

Crop 

Investigator 

ation 

of 

test 

Years 

Large or Small or small 
heavy light to 

seed seed large 

Bu. Bu. 

Winter wheat 

Georgeson ( 6 ). 

.. 4 

2915 

27.60 

•95 

Winter wheat 

Grenfall (81) . 

.. I 

9.70 

7.50 

.77 

Winter wheat 

Kicsselbach and Helm (i i). ... 

12 

33.90 

33.00 

.97 

Winter wheat 

Kiesselbach (12). 

.. 5 

30.9 

30.8 

1.00 

Winter wheat 

Hickman (9) . 

• 4 

14.00 

13.74 

.98 

Winter wheat 

Kickman (10) . 

. 9 

17.06 

16.21 

.95 

Winter wheat 

Lvon (17) . 

.. 4 

24.50 

23.70 

.97 

Winter wheat 

Latta (15) . 

.. 3 

30.54 

27.94 

.91 

Winter wheat 

Montgomery (18). 

.. 8 

30.20 

29 .CK) 

.96 

Winter wheat 

Sanborn (23). 

.. 4 

17.66 

14.98 

.85 

Winter wheat 

Williams (32) . 

.. 2 

22.64 

22.17 

.98 

Winter wheat 

Williams and Welton (33). .. • 

.. 7 

31.26 

31.32 

1.00 

Oatsa 

Burnett (3) . 

.. 3 

49.00 

4 «- 7 S 

•99 

Oats 

Boss (2) . 

I 

64.09 

54.59 

•85 

Oats 

Georgeson (7) 

. . 8 

30.90 

27.50 

.89 

Oats (Kherson)KiesscIbach and Ratcliff (14) . 
Oats (American 

12 

55-45 

54.71 

•99 

Banner) 

Kiesselbach and Ratcliff (14) 

.. 4 

39.70 

43.37 

1.09 

Oats 

Kiesselbach and Lyness (13) 

. 18 

56.8 

55.9 

.98 

Oats 

Montgomery (18). 

.. 3 

65.80 

64.30 

.98 

Oatsb 

Williams (31) . 

.. 7 

46.31 

42.63 

.92 

Oats 

Williams and Welton (34) . 

4 

58.98 

56.66 

.96 

Rye 

Nielson (21) . 

• 7 

38.2 

38.80 

1.02 

Barley 

Voclcker (29) . 

I 

32.10 

36.40 

I-I 3 

Average 

36.00 

34.9 

.96 


“Average of two grades for each yield. 

beverage data for equal volumes and equal numbers. 


the grain yields from original comparative seed grade tests with 
small grain crops are not cited in this review. 

Summarizing all available published field data dealing with thegrain 
yields from seed grades of small grain crops (Tables 8 to 12) the fol¬ 
lowing indications are apparent. 

(1) When the space plantingwas such as to permit maximum de¬ 
velopment, the individual plant grain yield was 19 percent less for 
the small than for the large seed. This difference is due to the imme¬ 
diate advantage of a greater reserve food supply in the larger seed 
which results in a more vigorous initial growth.. 

(2) When planted in equal numbers at a rate optimum for the large 
seed, the small seed yielded ii percent less grain per acre than the 
large. 

(3) When planted in equal weights at a rate optimum for the large 
seed, the small seed yielded three percent less, and the unselected seed 
yielded two percent more per acre than the large seed. The relative¬ 
ly low )nield of plants from small seed was largely overcome by plant¬ 
ing a greater number of seeds. 
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(4) When comparing fanning grades of large and small seeds by 
planting in eqtxal voltunes with a grain drill set at a uniform rate, the 
small or light seed averaged four percent less grain per acre than the 
large or heavy seed. The original unselected seed yielded two per¬ 
cent less than the large. 

SUMMARY OP NEBRASKA TESTS 

Where tests were made with hand selected large and small seed 
which represented extreme grades of the three cereals, winter wheat 
spring wheat, and oats, small seed yielded (i) eighteen percent less 
than large, when spaced to permit maximum individual plant devel¬ 
opment, (2) ten percent less when equal numbers of seed were sown per 
acre at an optimum rate for the large seed, and (3) five percent less 
when equal weights of seed were sown per acre at an optimum rate 
for the large seed. When unselected seed was used it yielded (i) four 
percent less than the large when equal numbers were sown per acre, 
and (2) one percent less when equal weights of seed were sown. 

A comparison of the large with the unselected seed is of the greater 
importance from the farmer’s standpoint. 

Comparing fanning mill grades of winter wheat during a seven¬ 
teen year period, the heaviest one-fourth }aelded 0.3 percent more, 
and the lightest one-fourth two percent less than the imselected. 

Kherson oats was separated into the heaviest one-fourth, and the 
lightest one-fourth and compared with the original unselected seed 
during cighteeil years. The heaviest one-fourth yielded 0.9 percent 
more, and the lightest one-fourth yielded 0.7 percent less than the un¬ 
selected. 

In general, the work at the Nebraska station indicates that there 
will be no material or practical gain in the grain yield, under farm 
conditions, from the practice of grading small grain seed which is rea¬ 
sonably free from trash and inert matter. 

Comparative results have been found to vary greatly with the man¬ 
ner of testing. 
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BOOK REVIEW 

NATIVE AMERICAN FORAGE PLANTS 

By Samson^ Arthur W. John Wiley and Sons Inc. />. /pg fig. New 

York and London, IQ24. 

The title of this book is much broader than its content, as prac¬ 
tically all of the plants described are those of the western half of the 
United States and of these a goodly number are not truly native, 
that is endemic. Chapters I to IV, pages i to 83, deal respectively 
with the following topics: Pasture Forage and Animal Nutrition; 
How Plants Live, Grow and Reproduce; Environment of Range and 
Pasture Plants and Forces that Influence them; Classiiication, 
Collection and Preservation of Plant Specimens. These cha]Aers are 
apparently intended primarily as an aid to the public clientele, 
namely the randhmen. The remainder of the book consists entirely of 
descriptions and economic data of the many western range fdants on 
which domestic animals feed, together with a list of those avoided or 
rarely eaten and incidental mention of those wdth poisonous prop¬ 
erties. This portion of the book brings together much infonnation 
found only in many scattered papers together with a mass of new 
data based on the author's extensive studies. For each of the more 
irnportant species a photographic illustration of the plant together 
with a map showing its range is provided. A great munber of new 
‘‘common” names for the plants are proposed, mostly translations of 
the scientific names. The book will prove most useful to all students 
of western range plants, and should be very helpful to ranchmen who 
desire better knowledge of the plants which sustain their herds and 
flocks. C. V. Piper. 



AGRONOMIC AFFAIRS 


NOTES AND NEWS 

Dr. J. G. Lipman, Director of the New Jersey Agricultural Experi¬ 
ment Stations, returned from Europe on June 27. Dr. Lipman was 
elected President of the International Association of Soil Science and, 
as Chairman of the American Committee, will be respon^sible for 
planning the organization of the next international congress of the 
Association, which it was voted to hold in the United States, probably 
in 1927. Whilein Italy, the delegates to the Association were received by 
the King and Queen of Italy, the Prime Minister, the Minister of 
Agriculture, the Mayor of the City of Rome, and others. Through 
the American Embassy, an audience with the Pope was also arranged. 
On the return trip, Dr. Lipman stopped at Florence, Vienna, Berlin 
and Brussels; also in London and at Harpenden, where he was one 
of the speakers at the field day meeting at the Rothamsted Station, 
on June 18, the same date as the field day meeting at his own College 
at New Brunswick, N. J. 

Dr. E. 0 . Pippin has gone to Haiti, wlierc he will serve as chief in 
agronomy and director of the experiment station in tlie newly or¬ 
ganized School of Agriculture and Agricultural Ex])eriment Station. 

A note to the effect that A. F. Kidder had resigned as agronomist of 
the Louisiana College of Agriculture, which apt)eared in No. 7, of 
Volume 50 of the Experiment Station Record, is incon*ect. Pro- 
fCwSsor Kidder writes that he has not resigned and asks that informa¬ 
tion to this effect be given in this Jouknal. 

Professor G. H. Cutler, of the Department of Field TIus])andry of 
the Universit}^ of AlV)erta at Edmonton, Alberta, Canada, has been 
given a year’s leave of absence for graduate stiidv at the University of 
Wisconsin. 

Professors George wStewart, of the Department of Agronomy at the 
Utah Agricultural College, and O. O. Churchill, of the North Dakota 
Agricultural College, are spending a year’s leave of absence in grad¬ 
uate study at the University of Minnesota. 

Arthur H. Post has been appointed Assistant Professor of Agron¬ 
omy at the Montana Agricultural College at Bozeman. 

Dean A. R. Mann, of the New York State College of Agriculture at 
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Cornell University has been given a two-year’s leave of absence, 
during which he will serve as Director for Agriculture of the Inter¬ 
national Educational Board. He sailed for Europe on August i6, 
and will establish headquarters at the International Institute of 
Agriculture at Rome. He will arrange for international cooperation 
in agricultural education, research and practice. During his ab¬ 
sence, the administration of the college at Cornell will be in the 
hands of a Committee on Administration composed of the three 
directors, of resident teaching, of experiment stations and of ex¬ 
tension work, respectively. 

C. B. Hutchison has resigned as Director of the Davis Branch of 
the College of Agriculture of the University of California, in order to 
become the European resident representative for agriculture of the 
International Educational Board. 

On August 11, Professor E. A. Spragg, of the Department of Fanii 
Crops of the Michigan Agricultural College, Mrs. Spragg, and their 
son Glenn, were instantly killed when their automobile was struck 
by a railroad train. Professor Spragg had been an active member of 
this Soeiety since its first organization, and his man}^ friends will 
deeply regret his untimely and tragic death. 

Professor M, A. MacCall, formerly Sui)erintendent of the dr>'- 
farming substation at Lind, Washington, and later of the Department 
of Agronomy of the State College at Pullman, Washington, has been 
appointed agronomist in the Office of Cereal Investigations, Bureau of 
Plant Industry; United States Department of Agriculture, to fill 
the vacancy caused by the appointment of C. W. Warburton as 
Director of Extension Work for the Department. ' 

ANNOUNCEMENT OF THE PROGRAM FOR THE ANNUAL MEETING 

OF THE SOCIETY 

The annual meeting of the Society of Agronomy will be held in 
Washington on Monday and Tuesday, November i ith and 12th, 1924, 
immediately preceding the meeting of the Association of Land Grant 
Colleges which will begin on the 13th. It is expected to have the 
printed program in the hands of members early in October. In 
accordance with the decision of the executive committee, arrange¬ 
ments have been made to devote the first day to two symposia of a 
general nature. One of these will have to do with ‘The Economics of 
Agronomy” and will be in charge of Mr. E. G. Montgomery of the 
United States Department of Commerce. The second program will 
be made up of reports from various members of the Society who 
have been engaged in agronomic explorations anA investigations in 
other countries. 
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The second day’s program will de bevoted to sectional meetings in 
soils and field crops. For the soils section, Dr. E. Truog of the 
University of Wisconsin will act as symposium leader for the general 
subject of “Soil Colloids” and Dr. K. F. Kellerman of the Bureau of 
Plant Industry will have charge of the symposium on “Nitrogen 
Fixation,” In the field crop section ProfeSvSor H. R. Sumner of the 
University of Kansas will conduct a symposium on “The Legume 
Problem,” this program being prepared to be of particular interest to 
extension workers. The second symposium on “Plant Physiology 
and Agronomic Science” will be in charge of Dr. W. L. Burlison of the 
University of Illinois. 

In the evening of the second day, the usual dinner will be held 
along with the annual business meeting. M F. Miller, President, 

MEETING OF THE WESTERN BRANCH OF AMERICAN 
SOCIETY OF AGRONOMY 

The eighth annual conference of the Western Branch of the Ameri¬ 
can Society of Agronomy (formerly Western Agronomic Workers) was 
held at Laramie, Wyoming, July 21 23, 1924. The conference was 
attended by about fifty representatives from the states of Wyoming, 
North Dakota, South Dakota, Nebraska, Kansas, Montana, Colo¬ 
rado, Arizona, Idaho, Utah, Washington, California, and the United 
States Department of Agriculture. The program was as follows; 

Monday, July 21:'-Morning Session 

1. ‘‘Address of Welcome.” A, G. Crane, President, University of Wyoming. 

2. “Response.” F. J. Sievers. President, Western Branch, A. vS. A., Washington 

Experiment Station. 

3. “Roll Call.” Each man gave his name, position, and a brief statement of his 

work. 

Afternoon Session 

1. “Crop Standardization and Registration of Seeds.” Paper by A. G. Ogaard, 

Extension Agronomist, Montana State College. Read by Clyde McKee of 
Montana. 

This paper detailed the organization and method of growing “certified,” 
“registered,” and “approved” seed and emphasized the importance of 
limiting the number of growers of seed for local consumption. 

Discussion led by Roy Westley, Extension Agronomist, University of 
Wyoming. Emphasized the imjiortance of making pure seed readily 
available for local consumption. 

2. “Ladino Clover Seed Production and Its Value as a Pasture Crop.” R. L. 

Spangler, Assistant Agronomist, University of Idaho. 

This paper gave in detail the best method worked out for the production of 
La^no clovef seed and showed the value of this crop as a dairy pasture on 
land with a high watertable but no alkali. 
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3. “Some Extension Methods of Field Crops Work/’ Waldo Kidder, Extension 

Agronomist, Colorado Agricultiiral College. This paper emphasized the 
fact that the Extension Agronomist should not only demonstrate the 
solution of a problem but by sufficient advertising see that the people 
actually put it into practice. 

Discussion led by O. S. Fisher, Extension Agronomist, U. S. Department of 
Agriculture. Emphasized the importance of having only a few projects 
and having them planned in detail. 

4. “Investigation of Livestock Losses on Sweet Clover Pasture.” Clyde 

McKee, Agronomist, Montana State College. This paper pointed out 
that sweet clover pasture does sometimes bloat cattle but is not nearly as 
bad as alfalfa in this respect. 

Discussion led by H. W. Hulbert, Agronomist, University of Idaho. Showed 
value of yellow sweet clover as a pasture crop on the plains area. 

Evening Session 

1. “Problems in Agronomy as They are Related to the Production of Range and 

Dairy Livestock.” O. S. Fisher, Extension Agronomist, U. S. D. A. 
This paper gave studies of the production and consumption of hay in the 
various westeni .states with a view to balancing these two. 

2. “The Plan for the Development of a Regional Program of Extension Work in 

Farm Crops.” E. Merritt, Field Agent, Extension Service, U. S. D. A. 
This paper told of the organization of the Western Extension Service and 
especially of a new Crops Committee to be added to supply information on 
crop production, the idea being to adj*ust farm enterprise rather than in¬ 
crease production. 

Open Discussion. Plans for Tucson Conference. 

* Tuesday, July 22:—Morning Session 

1. Inspection of Wyoming State Experiment Station Farm and Its Work. 

2. “A Comparative Study of Hardiness of Wheats.” John H. Martin, Agron¬ 

omist, Western Wheat Investigation, U. S. D. A. This paper reported a 
rather technical study of winter hardiness in several varieties of western 
wheats, 

3. “Drill Calibration and Its Relation to Stand and Yield of Small Grain.” 

H. W. Hulbert, Agronomist, University of Idaho. 

This paper showed differences in rate of seeding of different varieties in 
drill and showed the importance of having proper rate for each variety in 
variety tests. 

Discussion led by M. A. McCall, Agronomist, Cereal Investigation, U. S. 
D. A. 


^ Afternoon Session 

i. “Critical Periods for Irrigation of Wheats.” D. W. Robertson, Assistant 
Agronomist, Colorado Agricultural College. This paper reported a field 
experiment showing that irrigation water was of most value at about the 
stooling or jointing period of the wheat plant. 
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Discussion led by D. W. Pittman, Associate Agronomist, Utah Agricultural 
College. Brought out other similar results but showed considerable 
differences with different soil and climatic conditions. 

2. “The Prevention of Insect Attack on Stored Grain by Cooper Carbonate 

Dust.“ W, W. Mackie, Assistant Professor of Agronomy, University of 
California. 

This paper showed that treating sc<*d grain with c(jj)pcr carbonate dust before 
storage effectively prevented insect injury. 

3. “Predicting Wheat Yields.” O. R. Mathews, Assistant in Dry Land Agri¬ 

culture, U. S. D. A., Newell, South Dakota. This paper showed that in 
any district there was a very close correlation between the yield of wheat 
and the available moisture and that t he latter might be used in predicting 
the yield at planting time or later. Open discussion. 

4. “National Cros.sing of Oats.” F. A. Coffman, Agronomist Cereal Investi¬ 

gations, U. S. D. A. 

This paper showed that some varieties of oats cross rather more readily than 
had been supposed, which may account for variability of some supposedly 
pure lines. Open discussion. 

5. “Relation of Temperature and Rainfall to Date and Rate of Seeding.” 

A. F. Swanson, Hayes Experiment vStation, Kansas. This paper showed 
that wheat should be seeded before the soil temperature reaches 60 to 65 
F., but not too early if the soil is dry. 

6. “Improving the Quality of American-grown J 3 urum Wheats.” Paper by 

J. A. Clark, Agronomist, Western Wheat Investigation, U. S. D. A. 
Read by J. H. Martin. 

This paper told how the quality of American Durum wheats was being 
improved by crossing rust-resistant varieties such as Pentad, Monad, and 
Acme, with varioti(*s having good macaroni quality, such as Kubanka and 
Mindum. 


Evening Session 

1. “The Nitrogen Problem from the Kansas Point of View.” P. L. Gainey, 

Soil Bacteriologist, Kansas State Agricultural College. 

This paper showed that the soils of humid eastern Kansas having a pH 
value below 6 are losing nitrogen each year, altho legumes tend to rebuild it. 
The soils of semi-arid western Kansas are not losing nitrogen tho legumes 
tend to deplete these soils of nitrogen. Laboratory experiments show that 
pHe is a CTitical point for azotobacter. which offers a possible explanation 
of these results. 

2. “The Soil Nitrate Problem in Colorado.” Alvin Kezer, Agronomist, Colorado 

Agricultiual College. 

This paper showed that the sugar-beets of the Arkansas Valley are decreasing 
in yield and quality owing to accumulation of nitrates in soil which seems 
to be due to excessive nitrogen fixation rather than seepage accumulation 
of nitrates. 

Discussion by W. G. Sackett, Soil Bacteriologist, Colorado Agricultural 
College. Showed that there were frequent instances of excessive nitrogen 
fixation in Colorado, the energy probably being furnished to the Azoto- 
bacter^by^the algae in the soil. 
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General Discussion led by F. J. Sievers, Soils Department, Washington 
State College. 

3. “The Deleterious Effect of Sorghum in the Soil on Succeeding Crops.” By 
R. S. Hawkins, Agronomist, University of Arizona, Paper read by L A. 
Briggs of Arizona. 

This paper showed that sorghum draws heavily on the moisture and plant- 
food in the uj^per foot of soil and that sorghum should be followed by a 
deep-feeding crop which receives extra irrigation. 

Wednesday, July 23:—Morning Session 

1. “The Tillering of Grain as Related to the Yield and Rainfall." Ralph W. 

Smith, Assistant Agronomist, Dickinson Substation, North Dakota. 
This paper showed a close correlation between seasonal tillering and yield 
but no correlation between tillering and yield of varieties. 

2. “Range Losses on Poisonous Plants and Their Control." O. A. Beath, 

Chemist, Univer.sity of Wyoming. 

Dr. Beath showed several of the poisons he had isolated from the plants of 
the range of Wyoming with some of their antidotes. The principal remedy 
seems to be teaching the herders to know all the poisonous plant.s. 

3. “Outstanding Weaknesses in Agronomic Investigational Work." F. J. 

Sievers, Agronomist, Washington State College. Prof. Sievers mentioned 
that investigational work to date has taken care of the “when" and “how" 
but that the “why" was not given sufficient consideration. 

On Wednesday afternoon the visitors were taken in cars on a trip 
to the Medicine Bow Mountains after which a trout supper was en¬ 
joyed at Centennial, Wyoming. While here Dr. H. L. Westover 
gave some interesting sidelights on his travels in South America, and 
Professor F. J. Sievers and President A. G. Crane gave interesting 
concluding remarks. 

At the business meeting Wednesday morning it was decided to 
hold the next meeting at Fort Collins, Colorado, either just before or 
just after the meeting of the Western Branch of the American Associa¬ 
tion for the Advancement of Science at Boulder. Clyde McKee of 
Montana was elected president for the ensuing year and D. W. Pitt¬ 
man of Utah, secretary, Alvin Kezer of Colorado being automatically 
the other member of the Executive Committee. 

D. W. Pittman, Secretary, 
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THE INJURIOUS AFTER-EFFECTS OF SORGHUM' 

J. F. Breazkalk- 
JXTRODUCTION 

The residual, or after-effects of a crop of sorj^hum, may be con¬ 
sidered tinder two heads: first, the injury of this crop to the plants of 
some other crop that follows it in a rotation; and second, the effect 
of sorghum upon the jihysical condition of the soil. 

1'he first mentioned effect of sorghum is well known and dreaded, 
and is characteristic* of both sacharine and non-sacharine varieties. 
When sorghum stubble is ])lowed under and the land planted to 
small grain, for example, occavsionally, but not always, an injuricjus 
after-effect is noticed, which is shown in the poor condition of the 
grain in the early stages of its growth. This effect of sorghum is 
noticed in nearh' every section of the country where this crop is 
growm, and it has been taught that the effect is due to one or two 
causes, either the sorghum exhausts the soil of some essential plant 
food, or it leaves some toxic substance in the soil. 

The second named effect, that is the action of the sorghum upon 
the soil wdiich causes deflocculation, seems to be well known in the 
semi-arid regions of the West, but it does not seem to be a matter of 
common knowledge in the more humid sections of the country. This 
is a point that will be emphasized later on. 

The attention of the author was first called to the fact that sorghum 
w^ould cause a deflocculation of the soil, by an observation of E. F. 
Chilcott, the superintendent of the dry-land station at Woodward, 
Oklahoma. In plowing up the plots that had been planted in kaffir, 
corn and other crops during 1920, Mr. Chilcott noticed that the kaffir 

^Contribution from the office of Western Irrigation Agriculture, Bureau of 
Plant Industry, U. S. Department of Agriculture, Washington, D. C. Received 
for publication September 23, 1924. 

*Associate Biochemist. 


689 







690 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 

plots were harder than the others, and that the soil turned up in 
clods. Evidently the soil had been deflocculated, to a certain extent 
at least, by the growth of the kaffir during the preceding season. 
Judging from the description of the conditions, it appeared that the 
trouble might be due to a little ‘'black alkali,’' or sodium carbonate, 
in the soil. Sorghum is often considered a vigorous feeder and the 
first hope in this investigation was to establish this as a fact, and then 
to build a working hypothesis upon it. If nitrates exist in the soil in 
that section largely as sodium nitrate (NaNOg), and if sorghum is the 
vigorous feeder that it is often supposed to be, it was thought that 
the crop might have withdrawn the nitrate (NO3) radicle rapidly 
enough to leave the soil basic with sodium (Na), which ion, by com¬ 
bining with carbon dioxide and water, might have readily become 
sodium carbonate, or “black alkali.” 

EXPERIMENTAL WORK 

In the first experiment, com and kaffir plants were i)laced in com¬ 
petition for plant food, and their relative ability to absorb food when 
in such competition was measured. vSeven large pans, each holding 
2500 cc, were prepared, and filled with the nutrient .solutions, de- 
sci'ibed in Table i. The nitrogen in these solutions was derived from 
sodium nitrate, the potassium from j^otassium chloride and the phos¬ 
phorous from sodium phosphate. Perforated aluminum discs, 12 
inches in diameter, were floated in each of these pans by means of 
glass tubes. Each disc was divided by a line into two equal parts, 
and four-day old corn seedlings wx're planted upon one-half of the 
disc, and four-day old kaffir seedlings planted upon the other. This 
experiment was run in duplicate, and the solutions changed every 
four days. One set w^as run for 15 and the other for iq days. In the 
lower concentrations, such small amounts of nitrogen were added that 
neither the corn nor the kaffir w’^ould have enough for their use, even 
though either set managed to get 100 percent of it. To each pan in 
No. 2, for example, or to the pans of seedlings receiving 2500 cc of a 2 
ppm solution, only .005 gram each of N, K and P were added every 
four days. This amount, especially of nitrogen, was far less than that 
required by either set of seedlings. The plants in the lower concen¬ 
trations were, therefore, placed in keen competition for plant food. 
In the higher concentrations, an abundance of plant food was avail¬ 
able for all the plants, so that there was little or no competition. 

The plants w^ere grown under a screen, in the open, and at the end 
of the periods of observation, were taken down, dried, weighed and 
analyzed for nitrogen only. For convenience, the results are averaged 
and brought together in Table i. 
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Table i. —Showing comparative feeding power of corn and kaffir seedlings 
grown in the same nutrient solution. 



Ppm each 

N, K, and P 

Total 

Weight of 
crop 

Grams N removed from solu¬ 
tion by one gram of dry plant. 

No, 

in nutrient 

dry corn 

kaffir 

Corn 

Kaffir 

1. 

solution 

None 

14.4 

2.65 

0 

0 

2. 

2 

23-3 

6.70 

.0020 

0 

3 - 

5 

23.8 

4-35 

.0046 

0 

4 * 

25 

20.8 

6.00 

.0118 

.0030 

5 - 

so 

22.6 

6.30 

.0148 

.0081 

6. 

100 

19.8 

.222 

.0193 

.0150 


The solutions in No. 6 were rather concentrated, the kaffir seemed 
to suffer from excessive soluble salts more than did the corn, and a 
very poor crop of kaffir was obtained. 

While these results are by no means conclusive, there is no evidence 
to show that kaffir is a more vigorous feeder than corn when these 
two plants are placed in competition for plant food. 

Another set of determinations, similar to those described above, 
was now run for 25 days, and the results are brought together in 
Table 2. 


Table 2. —Showing results of a repetition of experiments shown in Table r 
fo>' a longer period 



P])m each 

N, K and P 

Grams 

removed from solution by 

No. 

in nutrient 
solution 

Corn 

gram of drv plant. 

Kaffir 

I. 

None 

0 

0 

2. 

i 

cx)36 

.0043 

3 - 

5 

005O 

.0072 

4 * 

10 

.0086 

.0100 

5 - 

25 

.0254 

.0111 

6. 

50 

,0196 

.0128 


While, in this experiment, the kaffir seemed able to compete with 
the corn better than it did in the first, there is little evidence that 
the kaffir plants are more \dgorous feeders than the corn. Other ob¬ 
servations that are not qiioted indicate that the kaffir is not an excep¬ 
tionally vigorous feeder. It has been observed that plants do vary 
widely in their ability to obtain food when placed in competition with 
each other. But as yet no evidence has been obtained that shows 
that any of the sorghums are better adapted to talce care of themselves 
in the matter of absorbing plant foods than are the other common 
field crops, corn, oats, barley or wheat. 

In the nutrition of plants, nitrogen is frequently the limiting factor. 
From the results that have so far been obtained, one would not be 
justified in assuming that the sorghum draws more heavily upon this 
plant food than do the other crops. The injurious after-effect of 
sorghum is, therefore, probably not due to the depletion of the soil of 
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nitrogen. Therefore, in considering the impermeability that often 
accompanies the toxic effect of the sorghum, one would hardly be 
justified in assuming that the sorghum draws too heavily upon the 
NO3 radicle and thereby leaves the soil basic. There is, probably, no 
more danger of the formation of ‘'black alkali” from this cause during 
the growth of sorghum, than during the growth of any of the other 
crops. 

While carrying on the investigations that have just been described, 
the writer was informed that, in China, sorghum is grown year after 
year upon the best land, and that no injurious after-effects from the 
crops had been observ^ed. It was stated that, as fuel is scarce in that 
country, it is the custom of the Chinese to pull up the stubble and 
bum it. This suggested that probably the toxic body might be con¬ 
tained in the stubble, and, as this is removed from the soil in this 
practice, no injurious after-effect would take place. It was because 
of this suggestion that the work with the stubble that will now, in 
part, be described, was begun. 

Early in November, a quantity of corn, kaffir and cowpea stubbles 
were pulled up, the soil shaken from the roots and the roots washed 
and dried. The stubble was then chopj)e(i up with a hatchet, 
about half a gallon measure full of each placed in separate cul¬ 
ture pans, and about 2 liters of tap W'ater added to each pan. Per¬ 
forated aluminum discs were put into these pans and pressed down 
upon the stubble so that water covered the discs. Wheat seed were 
then sprinkled upon the discs and allowed to germinate. In the first 
experiment seven pans wxrc run as follows. 

1 Tap water, control 

2 and 3, ” ” with corn stubble added 

4 and 5, ” ” ” kaffir ” 

6 and 7, ” “ “ cowpea ” “ 

As it was rather late in the season, and as the nights were cool, 

the stubbles began fermenting rather slowly, and the wheat seeds 
sprouted and the seedlings grew for about tw^elve days without show¬ 
ing any differences. However, when the fermentation began to be 
noticeable, the plants in Nos. 4 and 5, or those in the kaffir stubble 
cultures, began to turn yellow at their tips, and in about ten days 
they all died. The plants in the other culture pans continued to grow. 
The plants in the com stubble pans showed a little injury for a few 
days when the stubble first began to ferment, but they soon recovered 
and produced better plants than did the control. The plants in the 
cowpea culture pans were better than any of the others. 
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In Fig. I, there is shown a photograph of these pans, taken when 
the plants were about 30 days old. 



Fig. I —Showing effect of various stubl^les on growth of w'hcat seedlings. 
From left to right: 

I. Wheat i)lants growing in tap w^atcr. 

2 and 3. Plants growing in taj) water wnth corn stubble addtd 
4 and 5. “ “ “ “ “ “ sorghum “ “ 

6 and 7. “ “ “ " “ cow^jica “ “ 

After about 30 days, the deconipositioii in all of the pans seemed to 
be complete, and no offensive odor could be detected. Hie healthy 
plants were now removed from the com and cowpea cultures, and the 
dead plants from the kaffir culture pans, and a second crop of wheat 
was planted upon the aluminum discs of each ])an. Hie culture solu¬ 
tions were not disturbed, except to make them uj) to their original 
volume with taj) water. This second crop of wheat sprouted and the 
seedlings grew vigorously in all the pans, and no evidence of any in¬ 
jurious effect of the kaffir stubble was noticed. 

This experiment was repeated with kaffir and sorghum stubble 
many times. ITe sorghum and kaffir stubbles were taken from differ¬ 
ent places and compared with corn, cowpea and peanut stubble. 
When working under like conditions, positive results have always been 
obtained. It was noticed, however, that occasionally the wheat 
plants, growing in the sorghum or kaffir stubble, would not die, but 
would turn yellow and lose most of their leaves They would then 
recover and produce fairly good plants. The roots that were first 
developed would all rot off, but a new root system would soon be de¬ 
veloped which seemed to be perfectly normal. 

As a result of this observation, some corn, kaffir and cowpea stub¬ 
bles were placed in pans, wetted and allowed to decompose without 
planting any wheat upon the aluminum discs. When the decompo¬ 
sition was over, the solutions were poured from the stubbles into 
other culture pans, the stubbles discarded and wheat seeds planted 
upon the aluminum discs floating in the solutions. All of these culture 
pans produced good plants. It appeared that a toxic body was de- 
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veloped during the decomposition of the sorghum stubble, and that 
this toxic body was, shortly, either volatilized or was itself decom¬ 
posed into non-toxic compounds. 

It appears that the development of this toxic body depends largely 
upon temperature. When culture pans are placed near a furnace, so 
that they are always warm, the decomposition of the stubble can be 
completed, and a good nutrient solution can be produced from finely 
chopped sorghum stubble in three or four weeks. 

As before mentioned, in the first stages of its decomposition, com 
stubble, and even cowpea stubble, develops products that are slightly 
injurious to wheat seedlings. This effect soon passes off, and the 
wheat seedlings, grown in these cultures, develop better than the 
control. As the cowpea is a legume, and as the plant runs high in 
nitrogen, it might be expected that wheat plants, when grown in a 
culture containing the chopped-up cowpea stubble, would develop 
better than the control. This is usually the case. However, it was a 
little surprising to note that after corn stubble had gone through its 
decomposition, the wheat plants growing in the cultures began to 
turn green and to show that they were getting a supply of nitrogen. 
Plants grown under such conditions usually live longer and grow 
larger than plants grown in tap water. Upon two occasions plants 
from a set of culture pans were analyzed for nitrogen, and the follow¬ 
ing are the results of one set of analyses: 


Anatyses of wheat seedlings 
grown in 

1. Tap water, control 

2. '' “ with com stubble 

3. “ “ “ kaffir stubble 


Nitrogen in 
100 plants. 
.1316 gms. 
.2520 “ 
• 135 '; " 


These analyses show the nitrogen content of wheat seedlings that 
were grown in the first crop. The kaffir stubble completely stopped 
the absorption of nitrogen by the seedlings, but evidently the plants 
that grew in the com stubble cultures got some nitrogen from the de¬ 
composing stubble. These plants contained nearly twice as much 
nitrogen as did the control plants. 

This phenomenon seems to be certain to occur, and it also seems to 
be of considerable importance. Experience has shown it to be best, 
both in humid and semi-arid regions, to follow com with wheat. 
There may be other reasons for the practice, such as the good seed 
bed left by the com, but the mere fact that the com stubble gives up 
its nitrogen to the young wheat plants at this stage of their growth 
may be a sufficient reason to justify the agricultural practice- 
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Another fact with reference to the stored up nitrogen in com and 
sorghum stubble was demonstrated. If the culture pans of com 
stubble are fermented for months, or until the decomposition is over, 
the sorghum stubble will give up its nitrogen to wheat seedlings just 
as readily as the corn stubble does. The plants grown in the sorghum 
stubble show just as much increase in the nitrogen content, and just 
as much improvement in the size and color of the plants as do those 
grown in corn cultures. 

DISCUSSION OF RESULTS 

It appears that a toxic compound is developed in sorghum stubble 
during the process of decomposition. It is an easy matter to tell by 
the odor just when the toxic substance in the culture pan is formed, 
and, furthermore, it is easy to tell by the change in smell, just when 
the toxic body has been volatilized or decomposed. 

Several times the sorghum mixtures were brought to the proper 
stage of deeomj)Osition and the mixtures jxmred into a large retort 
and the volatile products distilled of! From a mixture that is toxic 
to wheat seedlings, a poisonous compound can be distilled off, which 
will kill wheat plants within a few hours. I'he identity of this poison¬ 
ous compound, or of the compounds in these toxic distillates, has not 
been determined. From young sorghum i)lants, especially in the 
second growth that comes up from the stubble in the fall, hydrocyanic 
acid has often been isolated. This acid, or its compounds, sometimes 
is present in such large amounts in the fre.sh plants that cattle are 
killed by eating them. Hydrocyanic acid is volatile, it is easily de¬ 
composed, and it is also extremely toxic to plants. It may be that 
the toxic after-effect of sorghum is due to the formation of hydro¬ 
cyanic acid in the decomposing stubble. However, this has not been 
determined. 

The results that have been discussed so far have been those that 
have been obtained from water cultures. Sand and soil cultures, in 
pots and in small beds upon green house benches, have also been 
carried on. In general, the results with sand and soil cultures are 
similar to those obtained with "water cultures, that is, all the results 
point toward the formation of a toxic compound during the first 
stages of the decomposition of sorghum stubble, and its later decom¬ 
position or volatilization. 

When sorghum stubble is mixed with sand, put into pots or 
into small plats upon green house benches, planted to wheat, 
oats or barley, and free drainage allowed, no injurious effect from 
sorghmn stubble has ever been noticed. However, when a heavier 
soil is taken and no drainage from the pots is allowed, the effect of 
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the sorghum is quite evident. Wheat, for example, comes up nicely 
in such soil cultures, grows for probably two weeks, then turns yellow 
and stops growing for a while. After a week or ten days it usually 
recovers and in the end generally produces fairly good plants. 

This peculiarity of the toxic effect of sorghum is noticed in nearly 
all crops in the field. They suffer for a while and then recover. Cot¬ 
ton often fails to set an early crop during the time that it is showing 
injury, but later it usuall}’ recovers and sets a normal crop. 

The after-effect of sorghum is a serious problem in the west, espe¬ 
cially in Arizona. The grain sorghums fit into many rotations. They 
would be more extensively grown if they did not have such an un¬ 
favorable reputation. The injurious effect of sorghum seems more 
pronounced here than in the East or Southeast. The reasons for this 
are apparently evident. From the results here described, it appears 
that the effect is short-lived. It is the general experience that the 
effect is shown more often upon small grain than upon other crops. 
The probable reason for this is that the sorghum stubble is plowed 
under in the fall and grain planted immediately aftciwards. The 
grain is, thert'fore, subjected to and injured by the toxic compound 
before it has had time to volatilize. In colder climates, there is no 
fall crop and no planting is done before late in the next season, and 
the injurious after-effect would probably not often be noticed under 
such conditions. In the humid regions of the South, where there is 
just enough frost to kill the .sorghum, where the soil does not freeze, 
and where there is aji abundance of rain during the winter, one would 
also not expect to find the injurious after-effect nearly so common. 
In the vSouthwest, often there is not enough cold to kill the stubble, 
so that if it has sufficient water, it may live through the winter and 
start up in the spring. When such stubble is jdowed under in the 
spring, and the land is planted to corn or cotton, the injurious after¬ 
effect is likely to be noticed. Even when the crop of sorghum is cut 
during the late summer, and the soil is left to dry out, the stubble 
does not decompose until it is plowed under in the spring. In this’ 
case, it would be expected that the injurious effect would be mani¬ 
fested upon the spring or summer crop. From the results of the ex¬ 
periments herein described, it would seem that the toxic effect might 
be more pronounced upon heavy soils or upon soils with heavy sub¬ 
soils and upon soils with poor drainage, than upon sandy soils or 
soils with good drainage. 

A possible remedy which suggests itself is the wetting and plowing 
under of the stubble in the fall, and allowing the decomposition to 
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come to an end before planting any crop. In a rotation it might be 
advisable to arrange to follow sorghum with some summer crop. At 
any rate, it certainly seems advisable to ])low under the stubble as 
soon as possible after the crop is haiwested and to wait as long as 
possible before planting another crop. 

RELATION OF TOXIC EFFECT TO IMPERMEABILITY 
OF THE SOIL 

So far, only the toxic after-effect of the sorghum has been dealt 
with. The other factor, that of impermeability of the soil, will now 
briefly be considered. In Arizona, the deflocculating effect of sorghimi 
upon the soil has often been obser\’ed. There is no doubt that it 
often takes place after a heavy crop, but it is doubtful if the effect is 
often noticed after a light crop. The toxicity of the stubble and the 
impermeability that is induced in the soil are certainly associated. 
The main object of this ]3aper is to sh<3w the correlation between 
these two phenomena. 

PROUAIJLE CAtTSK OF SOIL IMl'bRMLABlLITr 

In working upon the deflocculated and im])ermeal)le soils of this 
regiini, one soon becomes convinced that practically every cUvSe of 
deflocculation is brought about by the presence of “black alkali,” or 
sodium carbonate, in the soil. It seems safe to say that the defloccu¬ 
lation that is noticed after a heavy crop of sorghum may also be 
traced to the same cause, that is, to the presence of black alkali in 
the soil. 

Defloceulation is not noticed after all cases of toxicity, and dc- 
flocculation will probably not be ])roduced except in soils which, at 
that particular time, either contain a little black alkali, or are near 
to a state of alkalinit}-. lOeflocculation will probably not take place 
upon acid soils, such as arc found in the vSouth, or upon soils that 
contain relatively high proportions of gyi)sum. In some sections, 
soils will get hard after many crops; hence, deflocculation .should not 
necessarily be attributed to sorghum in such cases. Deflocculation 
does not seem to be a disease, but rather a symptom. 

The sodium colloid, or the sodium zeolite, is undoubtedly the cause 
of the trouble in these impermeable soils. This compound, which is 
probably a combination of sodium and silica, causes the dispersion of 
soil particles, which is called deflocculation. This deflocculation may 
be overcome in several ways, particularly by the addition of a soluble 
lime salt, such as gypsum. The calcium in gypsum displaces the 
sodium in the zeolite, with the formation of a calcium zeolite and 
sodium sulphate. The calcium colloid, or calciuni zeolite, is not dis- 
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parsed and brings the soil into a state which is called flocculation. 
Hence, soils which contain an excess of sodium are dispersed and 
impermeable to water, while soils with an excess of calcium are floc¬ 
culated and usually take water readily. The state of flocculation, or 
of deflocculation, often depends upon a very slight excess of either 
calcium or sodium in solution. A small amount of calcium, for ex¬ 
ample, is sufficient to flocculate a dispersed soil, if such soil is very 
near to the state of alkalinity. This same characteristic is true of 
sodium. A very small amount of sodium will sometimes cause a soil 
to disperse or to become impermeable. 

A great deal of evidence is on hand and other evidence is accumulat¬ 
ing which goes to show that in the diyung out of dispersed soils, as 
the proportion of the moisture is decreased and as the dry soil is ap¬ 
proached, a change in the composition of the zeolite takes place. 
Calcium is gradually replaced in the zeolite by sodium, the calcium 
taking the form of calcium carbonate, while the sodium unites with 
the silica and forms a sodium zeolite. The sodium zeolite is the dis¬ 
persing agent, so that in a perfectly dry, black alkali soil there may 
be very little calcium zeolite and a great deal of sodium zeolite. Dry 
soils are, therefore, likely to be highly divspersed. 

Practically all arid soils, and soils that contain black alkali, are 
calcareous. An abundance of calcium carbonate is always present, 
even in the most impervious soils. Dispersion, or defloeculation, 
under Southwest conditions, docs not usually take place when there 
is a considerable amount of calcium in solution, but, although these 
soils may contain 5 percent or more of calcium carbonate, this salt, 
because of its low solubility, is inert as far as dispersion is concerned. 
But calcium carbonate, in the presence of carbon dioxide, goes into 
solution much more readily and forms calcium bicarbonate. 

If calcium bicarbonate is present in the soil solution, a different 
effect is produced. A solution of calcium bicarbonate will flocculate 
a soil just as readily as the equivalent concentration of calcium sul¬ 
phate. A solution of 300 ppm of calcium as calcium bicarbonate 
may easily be obtained by bubbling carbon dioxide through distilled 
water containing calcium carbonate. This solution will flocculate a 
highly dispersed soil just as readily as a solution of 300 ppm calcium 
as calcium sulphate. 

If distilled water is percolated through a deflocculated soil which 
contains both sodium carbonate and calcium carbonate, only a small 
amount of water will usually pass through, as the soil soon becomes 
sticky and water will not penetrate. If, however, carbon dioxide is 
first bubbled through the water before it is applied to the soil, the 
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water will penetrate the soil quite rapidly and flocculate it. The 
percolations of such a soil may now be carried on indefinitely, provided 
a little carbon dioxide is kept in the distilled water. When carbon 
dioxide gas is introduced into water, it dissolves some calcium carbon¬ 
ate, with the formation of calcium bicarbonate, Ca(HC03)2. The 
calcium in the calcium bicarbonate now displaces the vsodiurn in the 
dispersed colloids, a calcium colloid is formed, and the soil is floc¬ 
culated. 

In practical agriculture the soil atmosphere is always very high in 
carbon dioxide. This is brought about by the action of the soil flora 
upon the organic matter in the soil. The production of carbon di¬ 
oxide is stimulated when cover crops are plowed under or manure 
applied to soils. Material for the bacteria to work upon is supplied 
in this way. The practical effect of organic matter u])on black alkali 
soils is well known. 

Recently'^ the writer has endeavored to show that the plant uses 
carbon dioxide in order to maintain equilibrium in its tissues, and 
that carbon dioxide is neces.sary in maintaining equilibrium in the 
soil solution during the absorj)tion of nutrient material by the plant. 
The r 61 e of carbon dioxide may he carried still further. Under arid 
conditions, where the soil is calcareous and slightly alkaline, carbon di¬ 
oxide is probably the one agent that prevents such soils from becom¬ 
ing practically impermeable to water, ('arbon dioxide may be looked 
upon as a check, a safety valve, that tends to keej) the equilibrium 
pushed back,— it tends to prevent the formation of sodium colloids. 

As might be exjiected, tlie effect of carbon dioxide is of a temporary 
nature. If water is added to a highly^ dispersed soil, it may be thor¬ 
oughly flocculated with C02> and water will pass through such a soil 
freely. All of the sodium in the colloid is replaced by calcium. If 
this soil, with its solution, is now dried out, it will return to its original 
dispersed condition, that is, it will again be deflocculatcd, and water 
will not readily ijenetrate it. The drying out process drives off some 
carbon dioxide. If the clear solution from a soil that has been floc¬ 
culated with CO2 is boiled for a while, made up to volume, and again 
added to the soil, the soil will again become dispersed. 

A continuous supply of carbon dioxide, together with a certain 
amount of moisture, seems to be necessary in maintaining an equi¬ 
librium that will prevent the formation of an excess of sodium col¬ 
loids. This is a very important point in the consideration of soil 
permeability. Anything that tends to check bacterial action, even 
temporarily, is apt to interfere with the penetration of water. 

*See Joiir. Agr. Res. 24:303-311, 1923. 
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If a poisonous compound is formed during the decomposition of 
sorghuiri stubble, and if this compound is sufficiently toxic to kill 
high forms of plant life, such as wheat, it is certainly reasonable to 
assume that such a strong toxin may kill off the lower forms of life, 
or the bacterial flora of the soil. The soil, after a heavy crop of sor¬ 
ghum, feels sterile and ‘"dead.” It feels like a soil that has been 
burned. 

In view of these discussions, the following explanation of the in¬ 
jurious after-effects of sorghum is offered. Suppose after a crop, a 
poison is tem])orarily formed in the soil during the decomposition of 
the stubble. The soil is probably already slightly alkaline and would 
probably be deflocculated naturally if it were not for the soil organ¬ 
isms that are continually generating carbon dioxide. The CO2 is 
probably maintaining the equilibrium, with a slight balance in favor 
of the calcium colloid. Suppose that the soil organisms are all killed 
off by the toxic body in the sorghum stubble. The evolution of CO2 
will temporarily cease, and another equilibrium will be established 
with a probable slight excess of the sodium colloid. The soil will now 
become more or less deflocctilated, depending ui)on the number of 
bacteria killed, the percent of organic matter, the percent of moisture 
in the soil, and probably u])on other conditions. 

The deflocculation caused by a croj) of sorghum is usually tempo¬ 
rary,— it disappears within a few months, and this fact also points to 
the action of carbon dioxide. There seems to be nothing “funda¬ 
mentally wrong” with a sorghum soil, else it would not recover in the 
course of a few weeks. wSoils do not ordinarily change so rapidly with 
respect to their fertility. Adhere is a reason for this ra])id change, and 
the presence or absence of carbon dioxide explains it fairly satis¬ 
factorily. 

SUMMARY 

The results of these experiments indicate: 

F'irst, that the injurious after-effect of sorghum is due to the 
presence of a toxic body formed during the decomposition of the 
stubble. 

Second, that this toxic body is shortly volatilized or decomposed. 

Third, that during the decomposition of the stubble, and while the 
toxic body is still in the soil, the flora that generates the carbon di¬ 
oxide is, to a large extent, killed off. 

Fourth, that with the cessation of the evolution of carbon dioxide, 
a new equilibrium is established in the soil, in which the sodium zeolite 
exists in excess over the calcium salt. This causes a deflocculation 
of the soil. 



SOIL CONDITIONS WHICH PROMOTE 
NITROGEN FIXATION^ 

N. E. Winters^ 

INTRODUCTION 

In many of the older cultivated soils of the United ^States, nitrogen 
is the limiting element in crop production and must be supplied be¬ 
fore other fertilizer materials give profitable returns. Results of 
investigations of soil fertility indicate that the proper use of clovers 
and other legumes in rotation and the systematic use of liming 
materials is a more economical method of vSolving a large part of the 
nitrogen ])roblem for general field crops than to depend solely on 
commercial forms of nitrogen. 

T'he assimilation of free nitrogen by soil organisms working inde¬ 
pendently of leguminous j)lants, is often not considered in calculating 
the nitrogen balance in the soil; but it is the opinion of some investi¬ 
gators that this form of bacterial activity plays a large part in keeping 
up soil productivity. 

REVIEW OF LITERATURE 

In 3885, Berthclot (4)'^ demonstrated that soil organisms assimilate 
gaseous nitrogen. He ex]>osed sterilized anrl unsterilized soils poor in 
nitrogen to air in large closed flasks for several months. The un¬ 
sterilized soils gained in nitrogen, but the sterilized soils did not. In 
i8q 3, Winogradski (34) started a search for the actual organism and 
finally isolated an anaerobic form which he called Clostridium pastori- 
anum. In igoi, Bcijerinck (3) isolated two aerobic forms to which 
he gave the generic name of Azotobacter, and up to the jireseiit time 
the Azotobacter grou]j seems to be the most important of all the 
nitrogen fixers. In 1903 -04, Lipman (21) described three more 
species of Azotobacter. Many vsoil organisms, including bacteria, 
yeasts, molds, and fungi, have been credited with nitrogen fixing 
power (22) (9). Although the Azotobacter group is considered to be 
the most important, nitrogen assimilation is faster in the presence of 
other forms than with pure culture (20). Kossowitsch (19) found that 
certain algae and Azotobacter can work together symbiotically. He 

'A thesis submitted to the Faculty of the Graduate School of Cornell University 
in partial fulfilment of the requirements for the degree of doctor of philosophy. 
Received for publication August 16, 1924. 

®It was the object of this investigation to shed more light, if possible, on op¬ 
timum soil conefitions which permit maximum activity of the nitrogen fixing 
organisms. 

•Reference by number is to “Literature Cited," page 715. 
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concluded that the algae furnish carbohydrates as a source of energy 
for the Azotobacter, and the latter fixes nitrogen for both. This was 
confirmed by Bouilhac (5). 

In 1905, Jamieson (16) claimed that all green plants possess the 
power of fixing nitrogen, and in 1922 Lipman and Taylor (23) pub¬ 
lished the statement that in a series of experiments they found that 
wheat plants fix nitrogen from the air. 

Free nitrogen-fixing organisms are found in most soils (24) (15). 
It is often very difficult to isolate any members of the Azotobacter 
group in soils deficient in CaCOs (32) (7). In fact, Christensen (7) 
has suggested that the Azotobacter be used as an index for determin¬ 
ing the need of lime in the soil. Ashby (1) found the relative distri¬ 
bution of Azotobacter and Clostridium in the Rothamsted soils to 


depend on the limestone content of the soil. Where no limestone was 
found only Clostridium pastorianun: was present. 

Yamagata (35) found Azotobacter in 100 soils out of 300 in twelve 
districts in Japan. Ten to 15% of the acid soils, 30% to 48% of the 
slightly acid and 59^’^^ to 66% of the neutral or slighth^ alkaline soils 
of Japan contain Azotobacter. Yamagata and Wilson in the summer 
of 1922 (35), working with pure cultures, found that Azotobacter 
made the most vigorous growth at a pH value of 6.8; 
Beijerincki sets this value at 6.6, and A Vinelandii at 7, or the neutral 
point. 

It is generally agreed by bacteriologists that 25 pounds of nitrogen 
or more are fixed in the surface soil per acre i)cr year by free fixation. 
At Rothamsted, in the Gcescroft Field (12) which was allowed to run 
wild for a period of twenty years, there was an average gain in the top 
nine inches of soil of over 44 ])ounds of nitrogen })er acre i)er year. 
This soil contains about 16% CaCOg and bore a natural herbage of 
only 43% legiuninous plants. During the same period, the Broadbalk 
field gained about 98 pounds of nitrogen per acre per annum. The 
latter soil contains 3.3% CaCOs and 25% of the natural herbage was 
legumes. These field results indicate that probably forty percent or 
more of the gain in nitrogen where the legumes were growing was due 


to free fixation. 


EXPERIMENTAL WORK 


METHODS AND PROCEDURE 


Two types of soil were used, Volusia silt loam, which is typical of 
most of the hill lands of southern New York, and Dunkirk clay loam 
of glacial lake deposit. Agriculturally, the Dunkirk is a more pro¬ 
ductive soil than the Volusia. Chemically, they are similar, except 
that the Volusia is much lower in calcium and sulphur. The Volusia 
has a higher lime requirement according to the Veitch method. 
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When first brought in from the field the soil was rubbed through a 
2 mm. sieve, and stored in five gallon glass-stoppered bottles during 
the course of the experiments. The Dunkirk soil contained 16% 
moisture, and the Volusia 11%, when bottled. 

Powdered materials added to cultures were thoroughly mixed with 
the soil before water was added. Once each week during the incu¬ 
bation, the soil cultures were thoroughly stirred and aerated and 
moisture content renewed. The experiments were all conducted under 
laboratory conditions at room temperature. Care was taken that 
none of the cultures were affected by the sun’s rays through windows 
and that none were too close to radiators. 

Determination of Nitrogen 

The Kjeldahl method was used for the determinations of total 
nitrogen. The colorimetric method with phenoldisul])honic acid W'as 
used for determining nitrates. In making total nitrogen determi¬ 
nations, if duplicate samj)lesfailed to check within .3 cc N/lo NaOH, 
the analysis was repeated. The results given are the a\XTages of 
duplicate samples in each case All tests except one were carried in 
quadmplicate cultures. 

Nitrates were determined in several of the experiments in order to 
check up the effect (ff conditions favoring fixation on nitrate accu¬ 
mulation. 

V'anahihty and Prohalnlily 

Bessel’s method*’ was used to determine the standard deviation and 
coefficient of variability Bessel’s modified method and Student’s® 
method were both used in determining the jirobability of the results. 

Size of Containers 

In order to determine the best size of vessels to use for incubation, 
large 0]jen pans containing 500 grams of soil were compared with 
covered tumblers containing loo grams of stiil. Volusia silt loam soil 
was used, 25% moisture was maintained as nearly as possible and 
.$% CaCO^ was added. The incubation period was from November 
17, 1920, to December 29, 1920. six weeks. The soil in the large pans 
was cultivated and water added to initial vxdght every 48 hours. The 
soil in the covered tumblers was cultivated once each week during 
the incubation period, and it was necessary to add water only once 
each week to keep up the desired percentage of moisture. 

Wood and Stratton, Interpretation of experimental results. In Journ. Agr. 
Sci., 3:417-458, 

•Student, The probable error of a mean. In Biometrika, 6:1-23. 1908. 
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It was found that more nitrogen was fixed in the large pans than 
in the covered tumblers; but the variability of the results was much 
larger/ The coefficient of variability of a single observation with the 
large open pans was 29.7% against 8.8% for the covered tumblers. 
This was due, no doubt, to the possibility of maintaining more uni¬ 
form conditions in the tumblers. The large pans also required much 
more time and attention during the incubation period. Hence, 
covered tumblers containing 100 grams soil were used throughout 
the following experiments. 

Effect of Pressure 

One hundred gram samx-)les of Dunkirk clay loam soil were incu¬ 
bated in covered tumblers two and four weeks, both under pressure 
and without pressure. Two percent mannite and ,$% CaCOs were 
added to each culture, and the moisture content was maintained at 
25%. The incubation period started December 28, 1920, and cul¬ 
tures were harvested Jan. 13 and Jan. 27. Over one-half the cultures 
pressure was maintained at 23 to 27 pounds per vSquare inch during 
the incubation period. vSoil was analyzed at the beginning of the 
experiment as a check on the progress of the fixation i)rocess. The 
results showed no significant gain for x^ressure. 

Cultures of Volusia silt loam soil were incubated for two weeks 
under atmospheric pressure in comparison with others under 30 
pounds i)ressure. Thirty percent moisture and • 1 % CaCOs were 
added to each culture. Increasing the pressure did not increase 
nitrogen fixation. 

The effect of jtressure varying from 23 to 37 j)oimds in comparison 
with atmospheric i)ressure on nitrate accumulation was also tested 
without consistent positive results for pressure. As a result of these 
preliminary experiments, the use of increased pressure was abandoned 
as a means of hastening the experimental work. 

RESULTS OF EXPERIMENTS 

In this exxTerimental work, there was tested the effect of varying 
amounts of liming materials, gypsum, calcium silicate, fertilizer 
materials and several other factors which may influence nitrogen 
fixation in the soil. 

Inoculation with Azotobacter 

As shown by the data reported in Table i, heavy inoculations 
with pure cultures of Azotobacter did not stimulate nitrogen fixation 
in the Volusia soil, which was the one with the higher lime require¬ 
ment. It seems that, when soil conditions are made favorable for the 
nitrogen-fixing bacteria to work, inoculation is unnecessary. The 
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writer was able to isolate Azotobacter from both Volusia and Dun¬ 
kirk soils two weeks after limestone had been added. 



Table i. —Effect of inoculation upon nitrogen fixation. 




Mg. N in 


Average 

Test no. 

Treatment 

10 g. soil 

Average 

increase 

I 

Dried at 100® C as check 

17.64 



2 

<4 il 41 44 

17-36 

17-50 


3 

No inoculation 

20.44 



4 

44 44 

20.16 



5 

44 44 

20.30 



6 

44 44 

20.02 

20.23 

2.73 

7 

Inoculated with Azotobacter 

20.30 



8 

ii a a 

20.44 



9 

a ii ii 

20.16 



10 

ii ii ii 

20.44 

20.33 

2.83 


Light versus Heavy Applications of Limestone 

On Feb. ii, 1922, an experiment was started to determine the best 
amount of limestone to use with Volusia silt loam for maximum nitro¬ 
gen fixation during three-weeks and six-weeks periods. The soil in all 
the tumblers was kept at a moisture content of 2;;% and 1% mannite 


Table 2. —Effects of light and heavy applications of limestone 
on nitrogen fixation, Volusia soil. 








Average 

Test 

Treatment 

Mg. N in 

Average 

increase 

no. 


log. 

soil 



over 

check 



3 wks. 

6 wks. 

3 wks. 

6 wks. 

3 wks. 

6 wks. 

I 

Check dried at 100® C 

18.34 

18.62 

18.49 




2 

44 44 44 

18.48 

18.48 




3 

No lime.stone 

18.76 

18.62 





4 


18.90 

18.90 





5 


18.76 

18.76 





6 


18.72 

18.76 

18.76 

18.76 

.26 

.26 

7 

.1% lime.stone 

20.30 

21.08 





8 


20.44 

21.22 





9 


20.44 

20.94 





10 


20.30 

21.36 

20.37 

21.15 

1.88 

2.66 

11 

.2% limestone 

20.72 

21.36 





12 


20.44 

21.50 





13 


20.44 

21.36 





14 


20.72 

21.50 

20.50 

21.43 

2.09 

2.94 

15 

.5% limestone 

20.30 

21.36 





16 


20.58 

21.22 





17 


20.44 

21.50 





18 


20.44. 

21.08 

20.44 

21.29 

1-95 

2.80 

19 

I % limestone 

20.72 

21.08 





20 


20.44 

21.36 





21 


20.44 

21.50 





22 


20.72 

20.94 

20.58 

21.22 

2.09 

2.73 

23 

2% limestone 

20.30 

21.50 





24 


20.58 

21.22 





25 


20.44 

21.36 





26 


20.44 

21.36 

20.44 

21.36 

1-95 

2.87 

27 

3% limestone 

20.44 

21.08 





28 


20.44 

21.36 





29 


20.58 

2*1.50 





30 


20.30 

20.94 

20.44 

21.22 

1-95 

2.73 
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was added to all the soil as a source of energy for the organisms. Two 
cultures of soil were dried at ioo®C, to stop all bacterial activity on 
the same day the experiment was started. The amount of precipitated 
CaCOs used varied from none, in cultures 3-~6, to 3% in cultures 27- 
30. Calculated upon the acre basis .1% is equal to one ton per acre 
and 3% to thirty tons per acre. 

The results shown in Table 2 indicate clearly that .2% CaCOs in 
Volusia silt loam soil promoted fixation as much as did any larger 
amount, and, under the conditions of this experiment, .2% was more 
beneficial than .1%. It is questionable, however, whether in practice 
it is advisable to use as heavy an application of lime as .2%. The 
probability of the results were tested by Student's method and by 
the modified Bessel’s method as indicated. The former shows that 
the odds are 99:1 that .1% CaCOs promotes nitrogen fixation and 
ii8:i that .2% is better than .1%. The latter, that .2% is better 
than .1% by odds of 1000:1. 

As Dunkirk clay loam shows a much lower lime requirement than 
Volusia silt loam, an experiment was conducted in an attempt to 
determine the amount of limestone needed for maximum fixation in 
this soil type. Mannite was added as with the Volusia soil and 30% 
moisture was maintained. Varying amounts of limestone, from .1% 
to .4% were used in comparison with checks with results as indicated 
in Table 3. 


Table 3. —Influence of limestone on nitrogen fixation, Dunkirk soil. 






Average 

Test 

Treatment 

Mg. N. in 

Average 

increase 

no. 


10 g. .soil 

over check 

I 

Check, dried at 100° C 

14.42 



2 

<4 44 44 44 

No limestone 

14.42 

14.42 


3 

14.56 


4 


14.70 



5 


15.12 



6 


1512 

14,88 

.46 

7 

.1% limestone 

i 7 - 3 f> 


8 


17.22 



9 


i 7 sSo 



10 

.2% limestone 

17.84 

1743 

3.0L 

II 

17.64 



12 


17-36 



13 


17.64 



14 

.3% limestone 

17.78 

17.60 

3.18 

15 

17.78 


16 


17.64 



17 


17.78 



18 


17-36 

17.64 

3*22 

19 

.4% limestone 

17-36 


20 


17.22 



21 


17-36 



22 


17-50 

17*36 

2.94 
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Again maximum fixation was obtained with .2% CaCOs. With 
the Dunkirk soil .2% CaCOa did not give so large increase in total 
nitrogen over the .1% as in the Volusia silt loam. 

Applying Student’s method for determining probable error to 
these results, it shows odds of 141 :i that .2% is better than .1%, If 
Bissel’s modified method is used the odds are 64:1 that .2% is better 
than .1%. 


Effect of Pea Vines on the Amount of Limestone for Maximum 
Nitrogen Fixation 

Finely ground pea vines were thoroughly mixed with Volusia silt 
loam soil at the rate of ten tons per acre, and applications of precip¬ 
itated CaCOs were made at rates varying from .1% to .5%. Incu¬ 
bation was started March 25 and the cultures were harvested April 
15. The results are shown in Table 4. 

Table 4. —Influence of limestone on nitrogen fixation, Volusia soil 
with added Pea vines. 


Test Treatment 

no. 

1 Check, dried at 100® C 

2 “ “ “ “ 

5 ,i VrJimestonc 

4 

5 

6 

7 .2^. hmestoiie 

8 
9 

30 

11 .3^ limestone 

12 

13 

M 

15 limestone 

16 

17 

18 

19 .5^ limestone 

20 

21 

22 


Mg. N. in 

Average 

Average 

increase 

log. soil 


over check 

17.64 

17 5 


20.30 

20.16 

20.02 

1998 

20.12 

2 62 

20.44 

20.30 

20.30 

2044 

^0 37 

2.87 

20.44 

20.30 

20.44 

20.30 

20.37 

2.87 

20.30 

20 16 
20.30 
20.16 

20.23 

2.73 

20.16 

20.16 

20.02 

20.02 

20.09 

2.59 


One-tenth percent limestone, or one ton per acre, gave a large increase 
in nitrogen fixation, and a two-ton application gave still larger increases. 
Larger quantities gave no significant additional gains, although no de¬ 
creases resulted from heavier applications. This agrees with results 
secured by Mockridge (26). According to Koch (18), too much burn¬ 
ed lime (CaO) may easily be applied for the nitrogen fixing bacteria. 

Student’s method of determining probability of results shows odds 
of 42:1 that .2% CaCOs is better than .1%, and Bessel’s modified 
method shows odds of about 1189:1 that .2% is better than .1% in 
promoting nitrogen fixation in the presence of peavines. 
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At the time of making total nitrogen determinations, each culture 
was analyzed for nitrates present, in order to determine the relation 
between rapid nitrogen fixation and nitrate accumulation. 

It was found, in every culture where conditions were made favor¬ 
able for rapid nitrogen fixation, that there was a decided decrease in 
nitrates during the incubation. It is thought that many organisms 
capable of destroying fresh organic matter use nitrates and synthesize 
them into organic forms of nitrogen. The decrease obtained is shown 
in Table 5. 

Table 5. —Infltience of limestone on nitrate accumulation in the presence of 
peavinesy twenty-one days incubation. 


Treatment 

Mg. NO, in 100 

Checks 

47 

. I % limestone 

4 

.3% “ 

9 

.3% “ 

16 

.4% “ 

19 

.5% " 

21 


Effect of Varying the Quantities of Pea Vines on Nitrogen Fixation 

Many cow-peas are grown in the south-eastern states of the United 
States. It is of considerable economic interest to know the effect of 


Table 6. —Effect of ground cow pea vines on nitrogen fixation. 




Mg. N added 

Corrected for 





in pea vines 

pea vines 


Average 

Test 


to 10 g. soil 

Mg. 

N in 

Average 

increase 

no. 

Treatment 


log, 

, soil 


over check 




3 wks. 6 wks. 

3 wks. 6 wks. 3 wks. 6 wks. 

I 

Check, dried, 100° 

C 0 

18.48 

18.34 




2 



18.20 

18.20 

18.27 



3 

No pea vines 

0 

20.72 

21.84 




4 



20.86 

21.84 




5 



20.86 

21.98 




6 



20.72 

21.98 

20.79 21.85 

2.52 

3*58 

7 

.1% pea vines 

.2 

20.66 

21,92 




8 



20.94 

21.78 




9 



20.94 

21.92 




10 



20.80 

21.92 

20.84 21.89 

2.57 

3‘62 

11 

•3% pea vines 

.6 

20.54 

21.66 




12 



20.68 

21.80 




13 



20.82 

21.94 




14 



20.82 

21.94 

20.72 21.84 

2.45 

3.57 

15 

•5% pea vines 

1.0 

20.70 

23.36 




16 



20.84 

23.22 




17 



20.84 

23.22 




18 



20.70 

23.08 

20.77 23.22 

2.50 

4 - 9 .H 

19 

i.% pea vines 

2.0 

20.68 

23.20 




20 



20.68 

23*34 




21 



20.54 

23.20 


* 


22 



20.82 

23.06 

20,68 23.20 

2.41 

4*93 

23 

I'5% vines 

30 

21.78 

23.18 




^4 



21.92 

23*32 




25 



21.02 

23.18 




26 



21.78 

23.32 

21.85 23.25 

3 . 5 « 

4.98 
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this form of organic matter on nitrogen fixation. Accordingly, cow 
pea vines in amounts ranging from one to fifteen tons per acre were 
added to soil and the increase of nitrogen determined at the end of 
three and six weeks. Table 6 shows the results. After making due 
allowance for the nitrogen added in the pea vines, the cultures receiv¬ 
ing .5% or more of pea vines show considerable increase in nitrogen 
fixation over the cultures with mannite alone. .5%, or five tons per 
acre, showed as much increase over a six weeks’ period as any larger 
applications did. 

During this period of incubation the nitrates (38 ppm) which were 
present at the beginning of the experiment entirely disappeared from 
those cultures receiving pea vines. These findings confirm those re¬ 
corded in Table 5, 

Composted Organic Materials as a Source of Energy in Nitrogen Fixation 

The quality of organic matter as the source of energy for nitixigen 
fixation seems to be a very important factor. Richards (28) found 
that the diet of animals influenced the value of their feces in its effect 
on nitrogen fixation. Feces from horses fed on oats gave the highest 
results, and the feces of cows fed on grass gave the lowest results. 

Table 7.— Comparison of effeefs of fresh and rotted oat straw, pea vines and horse 
manure on nitrogen fixation. 

Mg. N. Corrected Average 

added for organic increase 

in matter Mg. Average over no 

Treatment organic N. in 10 g. Average increase organic 

matter soil over check matter 

3 wks. 6 wks, 3 wks. 6 wks. 3 wks. 6 wks. 3 wks. 6 wks. 


Check 


18.48 

18.48 

18.48 

00 

00 





No organic 










matter 


19-74 

20.44 









20.02 

20.72 

19.88 

20.58 

1-4 

2.10 



Fresh oat straw 

•7 

19-74 

21.14 









19.88 

20.86 









20.02 

21.00 

19.88 

21.00 

1-4 

2.52 

0.0 

0.42 

Rotted oat straw 

.« 

21.46 

22.30 








21.84 

22,58 









21.18 

22.44 

21.46 

22.44 

2.96 

396 

1.56 

1.86 

Dry pea vines 

2.0 

21,66 

21.66 








21.38 

21.80 









21.10 

21.52 

21.38 

21.66 

2.90 

3-18 

1.50 

1.08 

Rotted pea vines 

2*5 

21.58 

22,56 








21.30 

22.28 









21.02 

22.42 

21.30 

22.42 

2.82 

3.94 

1.42 

1.84 

Fresh horse 



22.46 






manure 

.5 

21.76 









21.48 

22.60 









21.20 

22.32 

21.48 

22.46 

3,00 

3.98 

1.60 

1.88 

Rotted horse 










manure 

.6 

22.92 

24.32 









23,20 

24.60 

23.06 








23.06 

24.04 

24.32 

4-58 

5.84 

3.18 

3-74 



710 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


In this connection, the results shown in Table 7 are very interesting. 
Composting the oat straw caused a rapid nitrogen fixation during 
the first six weeks. Well-rotted stable manure promoted the work of 
the nitrogen-fixing bacteria much better than did fresh manure, al¬ 
though the fresh manure gave as good results as either the rotted 
pea vines or rotted oat straw. Rotting the pea vines increased the 
fixation during the second three weeks. These results agree with 
those of Lohnis and Green (25), in that composting the substances 
increases nitrogen fixation. However, these investigators found fresh 
straw more valuable than fresh stable manure. 


Comparison of Limestone, Burned Lime and Gypsum on Nitrogen Fixation 


In an effort to determine the best form of calcium to use in pro¬ 
moting nitrogen fixation, equal quantities were supplied in the form 
of CaCOs, CaO and CaS04.2H20. Mannite was used as a source of 
energy. Incubation was started April 10 and the cultures were har¬ 
vested May 2. Table 8 shows the results. 


Table 8 . —Comparison of CaCO^y CaO and CaSO^ in their effect 
on nitrogen fixation. 






Average 

Test 


Mg. N in 


increase 

no. 

Treatment 

10 g. soil 

Average 

over check 

I 

Check, dried at 100° C 

18.76 



2 


18.76 

18.76 


3 

No amendment 

19.32 



4 


19.04 



5 


19.18 



6 


19.18 

19.18 

.42 

7 

.2% CaCG)3 

20.44 



8 


20.58 



9 


20.30 



10 


20.44 

20.44 

1.68 

II 

.112% CaO 

20.58 



12 


20.44 



13 


20.30 



14 


20.16 

20.37 

1.61 

15 

.27% CaSO, 

19.46 



16 


19.32 



17 


19.04 



18 


19.18 

19.25 

.49 

Where no amendment was used there was an average 

increase of 


.42 milligrams of nitrogen in each 100 grams of soil. 


CaCOs and CaO had practically the same effect in .increasing nitro¬ 
gen fixation. The odds in their favor are over 99 to i. The CaSOi 
had no significant effect. The odds are only 3 :i that it is any better 
than no treatment. Probably, this soil contained enough sulphur to 
supply the needs of the nitrogen-fixers. Christensen (6) fotmd 
that Azotobacter cannot use the calcitun in CaS04.2H20 
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Comparison of Limestone and Calcium Silicate 
On April 27, 1922, a series of cultures was started, in which lime¬ 
stone was compared with varying amounts of CaSiOs on nitrogen 
fixation. Volusia silt loam was used. Time of incubation was 18 
days. The arrangement and results of the experiment are indicated 
in Table 9. 

Table 9. —Comparison of CaCO^ and CaSiO^ in their effect on 


Test 


Mg. N in 


Average 

Treatment 


increase 

no. 

10 g. soil 

Average 

over check 

i 

Check 

19.18 


2 


19.18 

19.18 


3 

No amendment 

19.60 


4 


19.32 



5 


19.74 



6 


19.46 

19.53 

•35 

7 

.2% CaCO^ 

20.16 

8 


20.44 



9 


20.30 



10 


20.30 

20.30 

1.12 

11 

' 4 -^V CaSiOj 

19.46 


12 


19.60 



13 


19.46 



14 

.87g CaSiOj 

19-32 

19.46 

.28 

15 

20.44 


16 


20.58 



17 


20.16 



18 


20.30 

20.37 

1.19 

19 

2% CaSiC)3 

20.86 

20 


21.14 



21 


2I.(X) 



22 


20.72 

20.93 

1.75 


Two tons of limestone promoted nitrogen fixation as much as did 
eight tons or more per acre of CaSiO^. A part of the effect of the 
heavy applications of CavSiOs may have been due to increased aer¬ 
ation. Cowles, (8), in 1917 and Hartwell and Pcmber, (14), in 1920 
found dicalcium silicate equal to limestone as a soil amendment. These 
results indicate that finely ground calcium silicate has some promise 
as a soil amendment. 

Effect of Mineral Fertilizer Materials 

Bear (2) found that the addition of phosphorus to some soils in¬ 
creased nitrogen fixation, and Wilfarth and Weinmer determined that 
large quantities of phosphorus are used by Azotobacter (33, 30). 

Gerlach and Vogel (10) concluded that potassium is not essential 
to Azotobacter metabolism; but Vogel (31) later, in 1912, decided 
that potassium does favor their development. 

Using Volusia silt loam, an experiment was started on April 26, 
1922, to determine the need for phosphorus and potassium by the 
nitrogen-fixing organisms. The incubation period was 22 days. The 
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arrangement of the experiment and the data secured are shown in 
Table lo. 


Table io.— Effect of soluble nutrients on nitrogen fixation. 




Mg. N in 


Average 

Test 



increase 

no. 

Treatment 

IO g. soil 

Average 

over checks 

I 

Check, dried at 100® C 

18.76 



2 


18.76 

18.76 


3 

,2% CaCOi 

20.44 


4 


20.58 



5 


20.72 



6 


20.86 

20.65 

1.69 

7 

01% K,S04 

20.72 


8 


20.58 



9 


20.86 



IO 


21.00 

20.79 

1.83 

II 

.01% KH,P04 

20.86 



12 


20.44 



*3 


20.72 



14 


20.58 

20.65 

1.69 


In these experiments, as shown in Table lo, neither phosphorus nor 
potassium gave any significant effect on the amount of nitrogen fixed. 
Although this soil responds to fertilizers for field crops, it seems to 
contain enough soluble phosphorus and potassium for the needs of 
the nitrogen-fixing bacteria (34). 

Effect of Nitrogenous Fertilizers 

As the use of inorganic nitrogenous fertilizers is on the increase, it 
was thought well to determine the effect of varying quantities of 
NaNOs, Ca(NOa)2, and (NH4)2S04 in quantities ranging from 100 to 
1000 pounds per acre on nitrogen fixation in the soil. Volusia silt 
loam was used and incubation was from October 10 to October 31, 
1922. Five milligrams of NaNOg to 100 grams of soil equals 100 

Table 11.—-Effect of varying quantities of NaNOj, Ca{NOi)», and 
on nitr'igen fixation. 

Average Gain or loss 

/T»__4- KT 1 _ 


Treatment 

Mg. N in 

increase 

over no 

Check 

10 g. soil 
14.84 

over check 

treatment 

No treatment 

i5<-26 

.42 


5 mg. NaNO, 

16.80 

1.96 

1.56 

IO 

16.80 

1.96 

1.56 

^5 ;; ;; 

15.68 

.84 

.42 

50 

15.12 

.28 

—14 

5 mg. Ca(NO,), 

17-36 

2.52 

2.10 

IO “ 

17-36 

2.52 

2.10 

25 

15-68 


.42 

50 ** “ 

15-12 

.28 

_.I 4 

4 mg. (NH4).S04 

8 “ 

16.52 

1.68 

1*25 

16.24 

1.40 

.98 

20 ** 

14.98 

.14 

-.28 

40 mg. (Na^S04 

14.84 

18.48 

.00 

—42 

.5gm. CaMj^O, 

CaCO, 

3.64 

3.22 

17-64 

2.80 

2 .8 q 
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pounds NaNOs per acre. The results of these tests are shown in 
Table ii. 

The 100 and 200 pound applications of NaNOa and Ca(NO)2 both 
stimulated nitrogen fixation, but 500 and 1000 pounds per acre de¬ 
pressed it. Ca(N03)2 had a greater stimulating effect than did 
equal additions of NaNOa. 

Eighty pounds (NH4)2S04 per acre stimulated nitrogen fixation some¬ 
what, but there was a rapid falling off with larger applications. 

As a further check on the nitrate treatments, dolomite and pure 
calcium limestone were used alone for comparison. Both of these 
increased the amount of nitrogen fixed more than did any of the 
nitrates. The dolomite was better than CaCOs in this respect. 

Several investigators (11) have found that small quantities of 
nitrates stimulate nitrogen fixation and large quantities discourage 
it. The work of Hills (13) indicates that nitrates encourage the 
multiplication of Azotobacter, but decrease their individual efficiency. 

From the standpoint of the use of commercial fertilizers in crop 
production, it is encouraging to know that applications of nitrates 
similar to those used in practice do not decrease the effects of the 
nitrogen-fixing bacteria. 

Effect of Soluble Aluminum and Iron 

Tables 12 and 13 show the results of experiments with soluble 
aluminum and iron through 21 days of incubation. One one-hundredth 


Table 12 .—Influence of soluble aluminum on nitrogen fixation and the 
counteracting effect of limestone. 


Test 

no. Treatment 

1 Checks, dried at 100® C 

2 

3 None 

4 .01 % AlaCU 

5 

6 

7 

8 .02% AlaCk 

9 
10 

12 .03% Al,Cl6 

13 

14 

16 .03% AUCU and .4% CaCO, 

17 

18 

lo .2% CaCO, 

21 

22 

a3 


Mg. N in 


Average 

increase 

10 g. soil 

Average 

ovei check 

18.76 

18.76 

18.76 


20.40 


1.64 

19.46 

19.60 

19.46 

1932 

19.46 

.70 

19.18 

19.32 

19.04 

19.18 

19.18 

.42 

18.48 

18.34 

18.62 

18.20 

18.41 

-.35 

20.58 

20.30 

20.16 

20.58 

20.23 

.147 

20.44 

20.16 

20.58 

20.44 

20.40 

1.64 



714 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


Table 13. 

—Effect of soluble iron on nitrogen fiouUion, 

Treatment 

Check 

Average mg. N 
in 10 g. soil 

18.76 

Increase 

check 

Node 

20.40 

1.69 

.01% FeCl, 

20.93 

2.17 

.02% 

21.59 

2.83 

.03% " 

21.35 

2.59 


percent AlCls permitted a small amount of nitrogen fixation, but all 
quantities used had a depressing effect. Large amounts were very 
toxic. These results do not agree with those of Kaserer(i7) who 
states that aluminum stimulates nitrogen fixation. In these experi¬ 
ments, the AICI3 probably increased the soil acidity. In all cases, the 
application of limestone counteracted the toxicity of the aluminum. 

Soluble ferric chloride in all quantities used, from .01% to .03%, 
stimulated nitrogen fixation. As suggested by Sohngen (29), this may 
be due to a colloidal effect of the iron in adsorbing the oxygen and 
nitrogen of the air and bringing them into more intimate contact with 
organisms. A quantity of Volusia silt loam was tested, six days after 
treatment with iron chloride, for the presence of soluble iron by the 
KSCN test, in comparison with another quantity not so treated. The 
results indicated a larger quantity of soluble iron in the treated soil. 
This indicated the validity of Sohngen's suggestion. 

Prazmowski (27) found inorganic colloids effective on bacterial 
activities only in the presence of organic colloids. 

SUMMARY 

In the Volusia soil, with a high lime requirement, and in the Dun¬ 
kirk soil, with a low lime requirement, one ton of limestone per acre 
promoted nitrogen fixation about as much as any heavier application 
did. 

There was practically no difference between the effect of equivalent 
amounts of calcium as limestone and as burned lime on the nitrogen 
fixing bacteria. 

Dolomitic limestone proved to be better than pure calcium lime¬ 
stone. 

Rapid nitrogen fixation in the soil is at first accompanied by a de¬ 
crease in nitrates, probably due to the assimilation of the nitrates by 
the organisms. 

Gypsum gave no significant results in its effect on nitrogen fixation. 

Two tons CaCOs promoted nitrogen fixation as much as eight tons 
CaSiOs. 
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Soils may respond to the use of mineral nutrients for field crops 
and yet contain enough soluble minerals, as phosphorus or potassium 
to supply the requirements of the nitrogen fixing organisms. 

Under the conditions of the experiment, one hundred pound appli¬ 
cations of NaNOa, or its equivalent in (NH4)2S04 or Ca(N03)2, 
stimulated nitrogen fixation; but heavy applications depressed it. 
These results indicate that the judicious use of nitrogenous fertilizers 
does not interfere with nitrogen fixation. 

When soil conditions are made favorable for nitrogen fixation, 
inoculation is unnecessary, for the two soils used. 

Small quantities of AICI3 depressed nitrogen fixation; but iron 
chloride stimulated it, possibly because of its colloidal effect. 

The quality of the organic matter added is as important as the 
quantity. Horse manure was the most valuable of any of the materials 
added in these experiments. 

Composting organic materials, before adding them to the soil, 
hastens nitrogen fixation during the first six weeks after application. 
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SOME MISAPPLICATIONS AND LIMITATIONS IN USING 
STUDENT’S METHOD TO INTERPRET FIELD 
EXPERIMENTS! 

Salmon^ 

In a recent publication,^ which presents the results secured with 
certain fertilizer treatments on wheat, com, oats, clover and timothy 
grown in rotation, it is concluded that ‘‘Student’s method of calculat¬ 
ing odds is a sound, simple criterion in furthering an explanation of 
the results obtained.” This assertion, considered with the discussion 
which precedes it, may be taken to imply that a statement of the 
odds as calculated by Student’s method in favor of any treatment is 
a sound or safe measure of accuracy. Student’s method is a valuable 
aid in evaluating experimental results; but it is doubtful if so sweep¬ 
ing a recommendation is justified at the present time. Furthermore, 
so much has been written in favor of this method and so many ex¬ 
periments are being interi)reted in accordance with it, that it seems 
desirable to call attention to some limitations which must be con¬ 
sidered if errors and misapplications are to be avoided. 

Two main criticisms may be offered The first relates to those 
fertilizer and tillage experiments (and possibly others) in which a 
given plot or tract of land receives the same treatment year after 
year. The second is more general and is related to the fact that Stu¬ 
dent’s method measures the unifonnity or consistency of a gain for a 
given treatment or %’'ariety regardless of whether the variable gains 
are due to experimental errors or to a differential response to 
environmental factors. 

It is generally recognized that fertilizer and tillage experiments are 
subject to several possible sources of error. Among these may be 
mentioned errors in measuring plots, errors in harvesting, thrashing 
and weighing the grain, differential damage by birds and rodents, 
variation in the moisture content of the harvested product, and soil 
heterogeneity. It is probably a fair statement that with careful work 
and constant attention, soil heterogeneity is more important than 
any of the others. Yet, it is with respect to this source of error that 
Student’s method may entirely fail. Consider, for example, two plots 

^Contribution No. 155, Department of Agronomy, Kansas Agricultural Experi¬ 
ment Station, Received for publication August 20, 1924. 

^Professor of Farm Crops. 

•Geo. L. Schuster. Fifteen years of field experiments with manure, fertilizers 
and lime on sassafras silt loam soil. Del. Agr. Exp. Sta. Bui. 137 (Tech. Bui. 4) 

1924* 
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in an experiment to determine the effectiveness of lime, one of the 
plots being limed and the other unlimed. The odds may be calculated 
to show that the yield of one is significantly higher than the other. 
But does this necessarily show that the higher yield is due to the ap¬ 
plication of lime? Obviously not, since the limed plot might have 
had a higher lime content at the beginning of the experiment, so that 
the same result would have been secured without the application. 

To make the point clear, consider the yields of plots 5 and 8 in an 
experiment relating to the preparation of the ground for wheat on 
the agronomy fann at Manhattan, Kansas. There are eleven plots in 
the original experiment of which these two are a part. The yields 
are shown in Table i. 

Table i. —Annual yields of plots S o>^d S in a seedbed preparation experiment 
Manhattan, Kansas. 



1911 

1912 

1913 

i 9 r.i 

1015 

1916 

1917 

1918 

1919 

1930 

Average 

Plot 5 

14.S 

7.8 

16.3 

21.7 

10.3 

5.6 

11.8 


I1.4 

6.8 

H .4 

Plot 8 

18.8 

10.6 

18.8 

27.9 

17.S 

5.8 

14.5 

7 7 

IS .7 

9 3 

14.7 


Average gcin for plot 8 =« 3.3 bushels 
<r a 2.12 
Z » 1.558 
Odds “ 1710 to r 

Without further information than has been given one would con¬ 
clude that the treatment of plat 8 has produced highly significant in¬ 
creases in yield. The true situation, however, is that this plat w^as a 
more productive one than is plat 5, as shown by the fact that both 
are check plats and have received identical treatment throughout. 
The high odds merely show that plat 8 has yielded consistently higher 
than plat 5 and that the errors associated with harvesting, thrashing 
and weighing the grain, and others of a similar nature have been 
very small, or at any rate, not enough to over-balance the difference 
in soil. Obviously, of course no investigator would claim that other 
differences in this same experiment are significant merely because 
the odds in their favor are very high? 

The writer has no disposition to question the conclusions reached 
with respect to the effectiveness of different fertilizer treatments dis¬ 
cussed in the publication referred to above. Is it not possible, how¬ 
ever, with the information given and considering the above facts, to 
assume that some of the differences considered as highly significant 
are in reality due to soil heterogeneity or some such systematic 
error? Consider, for example, the high gain secured for lime on com 
when applied with potassium as recorded for plat 4 (in Table X, page 
19) and no gain when applied with any other fertilizer treatment in¬ 
cluding four treatments which include potassium. Is it not possible 
that plat 4 was more deficient in lime at the beginning of the experi- 
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ment than the others? There may be plenty of evidence to disprove 
this assumption but can the fact that the odds are high be considered 
as proof? 

The real difficulty in experiments of this sort is the fact that the 
odds as calculated depend primarily upon the consistency with which 
a given treatment yields higher than another from year to year rather 
than from plot to plot. It is obvious that in the first example Student's 
method affords no means of determining whether significant differ¬ 
ences are due to treatment or to soil heterogeneity and in the second a 
very imperfect means since only four different plots are involved in 
the 15 years of the experiment. 

Perhaps it should be pointed out that errors may occur in interpret¬ 
ing any experiment, regardless of what method of interpretation is 
used. The point here is that Student’s method fails to take into ac¬ 
count one of the most important .sources of error and because it 
measures the consistency of results secured over a period of years 
is ver>^ likely to give a false sense of securitv^. 

The second feature of Student’s method which it is desired to dis¬ 
cuss may be illustrated fairly well by the re.sults presented in Table 
2 (page 11) of the above-mentioned publication. 7 'his table shows 
the increases in yield of oats due to various fertilizer treatments. 
Plat 7, which was treated with phosphorus and potassium, has pro¬ 
duced an average gain of 6. i bushels per acre, with odds of 908 to i; 
whereas plat 14, treated with manure, produced an average gain of 
9.3 bushels j)er acre but with the very small odds of 7 to 1. 

In other words the relatively high average gain of 9.3 bushels per 
acre is considered of no consequence because of the small odds whereas 
a gain of 6.3 bushels is considered highly significant. The author 
justifies this conclusion by pointing to the fact, that, whereas the 
gain for plat 7 was very consistent from year to year, that of plat 14 
was not. But is he positively justified in this conculsion? Is the 
fact that the crop responded to i)hosphorus and potassium every year 
while it responded to manure only four years out of the six with no loss 
in the other two years (as shown in Table A, page 30) proof that 
manure is inferior to phosphorus and potassium ? Are there not good 
reasons to believe that the rcwsponse of a crop to manure is dependent 
upon seasonal conditions, perhaps quite different from those which 
will permit it to respond to commercial fertilizers ? If this is admitted 
must we conclude, as the author has done in this particular case, that 
the ‘‘average gains are not to be relied upon?” 

Speaking in more general terms, a casual examination of Student’s 
method will show that the odds depend upon the ratio between the 
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mean difference and the standard deviation of the differences. It is 
clear then that, with a. given mean difference, the odds will increase 
as the standard deviation decreases and vice versa. The standard 
deviation obviously depends upon the consistency or uniformity of 
the differences. For example, if it were possible to have a constant 
difference between two varieties or treatments for a term of years the 
standard deviation would become zero and the odds infinite. If, on 
the other hand, the differences fluctuate, being very large one year, 
moderate another year and very small a third year, the standard 
deviation of those differences will be large and the odds very small. 

For example, take the hypothetical case mentioned by Love and 
Brunson^ in which two varieties, A and B, are compared in two cases. 
There is a gain for variety A in each case of 0.5 bushel and the odds 
are of course infinite. The example was used by Love and Brunson 
to illustrate the uncertainty in applying Student's method to as few 
as two pairs of observations, but the same result will be secured if 
applied to any greater number providing only that the difference in 
yield between the two in every case is the same. Suppose one adds 
to this hypothetical case by assuming yields for three other instances 
making a total of five. To make the results more easily understood 
assume also that each result is for a different year as follows: 


Year 

Variety 

A 

Variety 

B 

Gain 

D 

D2 

1912 

24.5 

24.0 

0-5 

0 

0 

1913 

, 27.0 

26.5 

0.5 

0 

0 

1914 

30.0 

295 

0-5 

0 

0 

1915 

150 

14-5 

0-5 

0 

0 

1916 

35-0 

34.5 

Mean = 0.5 a 

0.5 

= 0 

0 

0 



z = ^ p = 

a 

1.000 




Odds are infinite 

Now consider the result if, say in 1912, variety B, because of sus¬ 
ceptibility to rust damage, winterkilling or any one of an almost 
infinite number of varietal factors, produced but 8 bushels per acre, 
whereas A, not being damaged, produced the yield indicated in the 
table. Suppose a similar result occurred in 1914 and in 1916 and B 
produced onjy 10 bushels and 5 bushels per acre, respectively, the 
yields of A in each case remaining the same. Agronomically speaking, 
these facts would greatly increase one’s belief in the superior value of 

*H. H. Love and A. M. Brunson. Student’s method of interpreting paired 
experiments. In Jour. Am. Soc. Agron. 16:60-68, 1924. 
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variety A, but the odds as calculated by Student’s method are re¬ 
duced to 24 to 1, and the difference in yield must therefore be con¬ 
sidered as not significant. 

It is admitted that the above case is exaggerated somewhat to 
make the point clear, but is it unreasonable to expect closely analogous 
cases in practice What about a comparison of rust-resistant and 
non-resistant spring wheats, in the spring wheat belt where rust is 
intermittent; cold-resistant and non-resistant winter wheats, in the 
winter wheat belt; stiff-strawed and weak-strawed varieties, in areas 
where lodging is likely to occur; early plowing for wheat as compared 
with late plowing, where the cxiiected beneficial results of early plow¬ 
ing depend upon rainfall, the effect of manure, in sub-humid areas 
and possibly in others where the effect depends greatly on climatic 
conditions'' Are there not numerous experimental rcvsults concerning 
which a strict ap])licati()n of vStudent’s method would lead to serious 
errors’ 

One need not conclude from the above that Student’s method is of 
no value. There are, no doubt, many cases where differential re- 
spoUvSe will not be secured and where this method can be used to 
advantage. But the facts stated above illustrate the very great 
danger of blind adherence to a formula and the need for examining a 
proposition from all angles before deciding definitelv' in its favor. 

Investigators must learn that jdausibility is not i)roof, that there is 
no royal road to ac'curacy in ex])erimental work, and that in analysing 
experimental data nothing so far discovered can take the place of 
clear thinking, good judgment and common sense. 


THE PROBLEM OF SOIL ORGANIC MATTER AND NITRO¬ 
GEN IN DRY-LAND AGRICULTURE^ 

j. vS. Jones and W. W. Yates^ 

In the northern inter-mountain and Pacific northwest states vast 
areas of easily tilled lands have been developed by dry-farming meth¬ 
ods. While other farmers may employ to a limited extent the prac¬ 
tices of the dry farmer, strictly speaking, dry farming implies a yearly 
rainfall that is insufficient for the annual production of farm crops. 

^Contribution from the Oregon Agricultural Experiment Station, Corvallis, 
Ore. Published with the approval of the experiment station committee on soils 
and the superintendent of the Sherman County Branch Experiment Station. 
Received for publication September 17, 1924. 

•Professor in charge of the Division of Agricultural Chemistry, and Assistant 
Chemist, respectively. 
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That condition makes necessary the summer-fallow system. In the 
most favored regions, the summer-fallowed land receives and largely 
retains the maximum rainfall (15 to 18 inches) which characterizes a 
strictly dry-farming area. It is followed by two years of cropping. 
In less favored regions, the yearly precipitation of 10 to 14 inches 
strictly limits crop production to alternate years. Few farmers have 
the hardihood to attempt dry-farming operations in regions of less 
than 10 inches of annual rainfall. 

Dry farming has been successfully practiced in certain sections of 
the inter-mountain country for several decades and the various sec¬ 
tions of the far west that can be developed by dry farming methods 
are now pretty thoroughly differentiated. Dry-land experiment sta¬ 
tions, advantageously located and maintained cooperatively by the 
Bureau of Plant Industry of the United States Department of Agri¬ 
culture and various state agricultural colleges, are aggressively in¬ 
vestigating the many and varied agronomic problems encountered by 
the dry farmers. The general principles involved in the storage and 
conservation of rainfall have come to be pretty thoroughly understood 
and practiced. This is true also of the limitations imposed by the 
annual precipitation for the various sections and the summer-fallow 
system upon the kind and frequency of cropping. Dry-farmed sec¬ 
tions of the inter-mountain and Pacific northwest states are essentially 
small grain sections and of necessity must continue as such. Wheat 
is the standard crop. When properly chosen as to variety, the wheat 
of dry-farmed areas is unexcelled for milling purposes. 

The location of dry-land experiment stations in various sections of 
the far west would imply that various agronomic problems, in part at 
least, are local in character. This is true. The testing of varieties for 
local adaptation; the improvement of varieties by selection and hy¬ 
bridization; the determination of the best tillage methods for the 
summer fallow, of proper depths of seeding and of the best rate and 
time for seeding; are all lines of work that are commonly thought of 
as having chiefly a local significance. There are some problems which 
are now developing in dry-land farming, how^ever, whose solution will 
have a general application. Prominent among these, if not the most 
prominent, are those problems which involve considerations of soil 
fertility and the lasting or permanent productivity of dry-farmed 
lands. In view of the limitations imposed by rainfall and the siunmer- 
fallow system upon a free choice of crops, experiment station groups, 
and farmers, too, cannot help wondering what the future of dry- 
farmed areas may be in the matter of productivity. 
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Potentially these dry-farmed soils, as a rule, are exceedingly rich in 
the mineral elements required for crop growth. Their weak point, in 
comparison with grain lands of humid sections, is a decidedly lower 
content of organic matter and of the element nitrogen which is always 
closely associated with it. 

Perhaps no facts in soil technology are more firmly established than 
that tillage of any soil speeds up oxidation, or the "‘burning out'' of 
its organic matter, and the liberation from insoluble substances of 
those chemical elements that are necessary for crop growth. Indeed, 
the chemical activity resulting is roughly in keeping with thorough¬ 
ness of tillage. In humid climates, and where irrigation is practiced, 
the rapid destruction of organic matter by intensive cultivation may 
be sought deliberately with safety and advantage. Acthely decaying 
organic matter makes for good tilth and fertility. Losses can be made 
good almost at will by the judicious use of cover and green manuring 
crops and, if legumes are freely grown for that purpose, an adequate 
supply of nitrogen can also be maintained 

But, however necessary tillage may be to conserve moisture and 
prepare readily available chemical elements for the benefit of succeed¬ 
ing crops, this destruction of the .soil’s original content of organic 
matter (always low in the dry-farmed lands of the regions in question) 
cannot be viewed with the same degree of unconcern by the dry 
farmer as it may be by one who farms in a humid climate or by the 
practice of irrigation. It is a matter of common observation and 
comment that the very choicest of lands, when given over for several 
generations to the exclusive growing of small grains, invariably de¬ 
velop marked differences from the original condition in the matter of 
tilth and fertility. The occasional appearance of “run together’’ 
condition and the tendency to wash, or gully, with the least movement 
of surface water are danger signals w^hich fariners themselves recog¬ 
nize, but to W'hich, under normal dry-farming conditions, they can 
give but little heed. No cover or green manure crop appears at this 
time to be even remotely practicable for the vast areas of dry-farmed 
lands that receive the smaller amounts of rainfall. 

THE LOWER COLUMBIA RIVER BASIN 

In Oregon, one extensive area of dry-farmed lands, comprising the 
five large counties (Morrow, Gilliam, Sherman, Umatilla and Wasco) 
which border on the Columbia River just east of the Cascade range 
of mountains, is known as the grain section of the lower Columbia 
River basin. The section is a rolling plateau whose annual precipi¬ 
tation averages, over by far the larger part, approximately 12 inches. 
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Parts of this area have been in cultivation for fifty years or more. 
Other parts have been much more recently broken up. Within this 
area a farm of 230 acres at Moro, Sherman County, has been operated 
as a dry-land experiment station for fourteen years. Scant as is the 
rainfall for this area, the experiments at this station have repeatedly 
shown that good summer-fallow tillage insures yields of wheat ranging 
up to as high as 35 bushels per acre. A consideration of well-foimded 
agronomic principles is sufficient, of course, to convince one that this 
process is an exhaustive one for soil organic matter and for nitrogen, 
too, since, roughly speaking, the production of each bushel of wheat 
involves the delivery by the soil to the crop of two, or more, pounds 
of nitrogen. With 3000 pounds of nitrogen as the total for three- 
fourths of an acre-foot and no adequate means in sight for replenish¬ 
ing the original stock when depleted, there appears to be abundant 
reason why all dry-land experiment station groups should feel deeply 
concerned over soil ])roductivity problems. 

ANALYTICAL DATA ON LOSSES OF ORGANIC MATTER 
AND NITROGEN 

In taking stock of the situation for lower Columbia River basin 
soils, it appears advisable to check up at stated intervals on actual 
losses of soil organic matter and nitrogen. Qiiantitative evidence in 
support of conclusions one might arrive at from theoretical consider¬ 
ations only is frequently useful, particularly in discouraging certain 
objectionable practices on the j)art of some dry farme^rs who have 
not yet, appareiitly, thought much beyond the present. For example, 
all too frequently still, in some dry-land sections of the northwest, 
stubble and straw are deliberately burned. 

The first work of this kind for this particular area was done by 
Bradley (2)*, previous to the establishment of the experiment station 
at Moro. The data secured recently are more extensive. Highways 
radiating from Moro and occasional fields still afford opportunity for 
securing samples of soil that has never been turned by the plow or 
' other cultivating tool. The native vegetation (short sage brush and 
fine wild grasses) is frequently very plainly in evidence; while in ad¬ 
joining fields, just a few feet distant, there is an area of the same soil 
t3q)e that has been given over for from twenty to thirty years to the 
growing of wheat or other small grain. 

Soil samples which fairly represented the cropped and virgin soils 
of the section immediately surrounding Moro were secured recently 
for laboratory examination. The samples were each composited 

•Reference by number is to “Literature Cited", p. 731. 
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from several ‘'drives'* of the King soil sampler at points distant from 
each other by from three to five rods. The analytical work was per¬ 
formed at the central experiment station. Before analysis, the 
samples were thoroughly mixed and screened through a fifty-mesh 
screen. Moisture was determined by drying to constant weight at 
103® C; organic matter by the loss-on-ignition method; and inorganic 
carbon, organic carbon and nitrogen by the official methods of the 
A. O. A. C. Organic carbon determinations were made to check the 
determination of organic matter by the loss-on-ignition method. In¬ 
organic carbon determinations were necessary to secure organic car¬ 
bon; and, incidentally, they gave the necessary data for calculating 
the soil’s content of limestone (not reported here but ranging, in the 
surface soil, from .5 percent to 1.3 percent). 

The soils were sampled in foot sections to a depth of four feet. 
Samples representative of the first and second feet only have thus far 
been analy^ccd but it is believed that the data secured from them 
clearly indicate what is taking place in the cropped soils. Calcula¬ 
tions are based on the dry soil. 


Table i. —Organic matter and nitrogen in cropped and virgin 
soils of Sherman County. 


Location 


Organic 

matter 

Organic 

carbon 

Nitrogen 

First foot 

Soil 

percent 

ptircent 

percent 

1 

Cro])ped 

2.28 

1.068 

.099 


\^irgin 

2.77 

1 - 3 14 

.110 

2 

Cro])ped 

2.76 

1.220 

.109 


Virgin 

2.87 

1.283 

.116 

3 

*. Cropped 

2.30 

1.013 

.079 


Virgin 

2.54 

1.052 

096 

4 

Croi)ped 

2.06 

1.068 

.082 


Virgin 

281 

1.240 

.101 

5 

Cropped 

2.33 

1.166 

.096 


Virgin 

2.86 

1,216 

.106 

6 

Cropped 

2.80 

1.196 

.106 


Virgin 

2.88 

1.283 

.123 

Average 

Cropped 

2.42’ 

1.120 

•095 

Second Foot 

Virgin 

2.79 

1.238 

.109 

1 

Cropped 

2.02 

.830 

•075 


Virgin 

2.41 

.912 

.096 

2 

Cropped 

1.64 

.830 

.076 


Virgin 

2.10 

.946 

.086 

3 

Cropped 

1.72 

.746 

.070 


Virgin 

2.28 

.924 

.084 

4 

Cropped 

1.92 

•737 

.067 


Virgin 

1.87 

.807 

.082 

5 

Cropped 

1.89 

.717 

.074 


Virgin 

2.59 

1.022 

.096 

6 

Cropped 

1.86 

•779 

•075 


Vir^n 

1.84 

.847 

.081 

Average 

Cropped 

1.84 

•772 

•073 

Virgin 

2.17 

.909 

.087 
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In every instance, whether organic matter to be taken as derived 
by the direct method, or calculated by the use of an arbitrary factor 
(as 2%) and the organic carbon determination, the first foot of cropped 
soil is lower in its content of this constituent which makes for good 
tilth and greater water-holding capacity than is the adjacent virgin 
soil. For the most part the same statement holds true for the second 
foot. Small as these differences in organic matter appear, when ex¬ 
pressed on the percentage basis, they signify differences in dry organic 
matter of something like six and one-half or seven tons in each of the 
first two acre-feet. It must be said that there is no striking evidence 
that this decline in organic matter, under the present system of crop¬ 
ping, has operated to lower yields in the vicinity of Moro, or to bring 
about markedly poor conditions of tilth. It is certain, however, that 
results of that kind will in time develop. It is the story of all similar 
grain lands. Certainly any investigation that seeks for a means of 
arresting this decline is abundantly justified. 

There is evident, too, a small but positive decline in the nitrogen 
content of these soils under constant cropping to small grain. Again, 
small as the differences appear when expressed on the percentage 
basis, they actually amount on the average to approximately thirteen 
and seventeen percent of the original nitrogen content of the first and 
second foot respectively. The first two feet of cropped soil are lower 
in nitrogen than the first two feet of virgin soil by some eight or nine 
hundred pounds per acre. Since this is a larger amount than can be 
accounted for by the nitrogen used by fifteen, or even tw^enty, crops 
of grain, there rrfust be some loss of nitrogen from these soils under 
cultivation through processes not yet thoroughly determined. 

It is known from experimental data that the accumulation of 
nitrogen in nitrate form in the surface foot of an acre of thoroughly 
tilled summer fallow by early fall, is large^ and that nitrogen in nitrate 
form invariably disappears fromlhese soils with the advent of winter 
temperatures. Circumstances strongly indicate some loss of nitrogen 
annually through processes of denitrification. 

There is, of course, nothing original in this offering of proof that 
the soils of this particular area are undergoing, under cultivation, 
appreciable losses of organic matter and nitrogen. Thatcher (7) has 
made similar observations for eastern Washington soils and Stewart (5) 
for the dry-farmed section of Utah. More recently, Sievers and 
Holtz (3) have published analytical data in support of the same con¬ 
clusion regarding an extensive area of dry-farmed lands in Washing- 

^Bxpressed as NaNOjjit may reach a total of 150-175 pounds. 
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ton known as the Central Columbia River Basin. Moreover, Alway 
and Turnbull (i) in Nebraska, and Swanson and Latshaw (6) in 
Kansas, have noted even larger losses of the same nature from dry 
farmed prairie soils. From our own and other recorded analytical 
data a safe conclusion is that wherever the summer-fallow system 
prevails in the growing of small grains the steady decrease of soil 
organic matter and nitrogen in significant amounts is a fact. 

CROP ROTATIONS IN SOIL FERTILITY PROBLEMS 

Dry farmers of the Inter-mountain and Pacific northwest states 
adhere very closely to the wheat—summer fallow rotation. In the 
light of their experience wheat, doubtless, is the most profitable of 
the small grains. The exj)eriment station at Moro, however, has 
made it possible to secure some actual data bearing upon that point. 
For a number of years, twelve acres on the experiment station fann 
have been given over to a series of rotations that are intended prima¬ 
rily to yield data from which one can judge whether the wheat- 
summer fallow system is in reality the most feasible and profitable 
for these lands. That section of the farm presents a most favorable 
opportunity, too, for a study of the influence of various rotations on 
soil organic matter and nitrogen. It seems that some of these might 
be expected to slow up the depletion of soil organic matter and pos¬ 
sibly save for the soil a little nitrogen over the straight wheat-summer 
fallow practice. The first work on these rotation plats with these 
points in view has been completed with results that are summarized 
for study in Table 2. The two or more plats that make up any one 
rotation are each represented in the Table by a composite sample 
secured by the thorough mixing of four .single “drives” of the soil 
tube as the plat was traversed diagonally. The plats are eight rods 
in length by two in width. It can be shown from analytical data that 
they are remarkably uniform in the soil components under discussion. 
The determinations were made by methods previously outlined. 

Table 2 is so arranged that one may make comparisons between 
any rotation and the average for all check plats (winter wheat-fallow) 
or the average for the two or three nearest check x)lats. It is to be 
noted that when these plats were sampled no rotation had extended 
beyond eleven years. The last three were in their ninth year. It is 
believed that too little time has passed to permit of any very positive 
conclusions as to the relative advantage of the various rotations in 
relation to this particular soil fertility problem. A few brief comments 
only are pertinent. 



Table 2. —Organic matter and nitrogen in the soil of rotation plats on the Sherman County Branch Experiment Station, 
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Roughly, and for the immediate purposes of this discussion, it will 
be noted that these rotations fall into one or another of four groups .* 

Rotations 2, 3 and 4 involve the growth of two small grain crops 
previous to the season of fallow. This procedure is practiced in dry¬ 
land regions of greatest rainfall, but is impracticable for the Lower 
Columbia River Basin. The less frequent appearance of the bare 
summer fallow might reavSonably be expected to slow up the rate of 
oxidation of the soil’s organic matter. On the other hand, the greater 
number of grain crops removed within a given period of time should 
prove to be more exhaustive of its nitrogen content. In so far as 
these figures may be accepted as proof, the expectation in regard to 
organic-matter is realized in two of the three rotations. For nitrogen, 
it is realized in one only. 

In rotations 8, 9 and jo, there arc grown two small grain crops and 
the bare summer fallow is replaced by a cropped summer fallow. In 
these rotations, the average soil content of organic matter and nitro¬ 
gen exceeds that for the nearest check plats. In the two rotations in 
which com appears the difiercnces in organic matter arc so marked 
in the surface foot that there is suggested at once the fertilizing value 
from this standpoint of com roots. Again, however, for dry-farming 
lands, these rotations could be practicable for sections of greatest 
rainfall only. 

Rotations 5, 6 and 17 have been extended one year over the ones 
previously noted. They have both a cultivated crojjped fallow and a 
bare fallow. Differences between these rotations and the nearest 
check plats in the soil’s content of organic matter and nitrogen are too 
small to be of any significance. 

In rotations, 7, 11, 12, 13, 14 and 18 the jjractice of green manuring 
and the spreading of barnyard manure is introduced. The periodic 
turning under of one enjp, or the incorporation of bamx^ard manure, 
ought to increase quite appreciably the total for organic matter, and 
the data show this in the majority of cases for both the first and 
second foot. Where peas is the crop turned under there would be 
expected a higher content of the soil’s nitrogen. The differences in 
nitrogen content shovm by the analytical data meet that expectation 
in the majority of rotations. Just why all rotations in this group have 
not substantially enriched the soil, with organic matter especially, is 
not clear. It is to be noted, however, that crops turned under are 
never heavy and that the greatest increase of organic matter came in 
those rotations in which com is one crop. 

Not included in any of the groups of rotations is No. 19. In com¬ 
parison with averages for all rotation plats and for the twelve check 
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(winter wheat-fallow) plats this rotation has been more exhaustive of 
soil organic matter and has barely maintained the average nitrogen 
content for the first foot. The second foot has lost in nitrogen. The 
pea crop in this rotation is a cultivated crop. If it could be grown 
there without cultivation, as it is in dry-land sections of greater rain¬ 
fall, its effect upon the soil composition might be different. It is im¬ 
portant to note in this connection, however, for the bearing it may 
have on subsequent work, that of all of the rotations conducted on 
this small-scale plan this one heads the list in profits returned per 
acre. Winter wheat-fallow stands fourth in this respect. (4). 

In conclusion it may well be noted that while the work presented 
here is the result of a serious attempt to get at the solution of a serious 
problem that all dry farmers sooner or later must face, the analytical 
data are not offered with any feeling of finality. These rotation plats 
will be continued indefinitely and in the course of some six or eight 
years the analytical work will be repeated. By that time perhaps 
some definite influence of the various rotations on soil productivity 
can be established. 

SUMMARY 

Vast areas of our northern Inter-mountain and Pacific northwest 
states are dry farmed. These lands are given over almost completely 
to the growing of small grains. Wheat is the most prominent. Sum¬ 
mer fallowing is a necessary practice in dry-land agriculture of the 
Columbia River Basin, but one that is generally conceded to be 
particularly exhaustive of the soil’s content of organic matter and 
conducive to excessive losses of soil nitrogen. The low precipitation 
necessitates summer fallowing in alternate years. Quantitative 
proof is given that soils in the lower Columbia River Basin have under¬ 
gone very appreciable losses of organic matter and nitrogen in the 
comparatively short period of .their agricultural development. 

A field of rotation plats on the dry-land experiment station at 
Moro, Oregon, is planned for continuance over a long term of years. 
The nature of the rotations is such as would seem almost to guarantee 
that differences in effects upon soil productivity will eventually ap¬ 
pear. The oldest rotations had extended over a period of eleven years 
when the first sampling of the soil for analytical work was made. 
From this first decade of crop rotations, no positive conclusions are 
warranted regarding differences in soil organic matter and nitrogen 
that may be liraced eventually to them. What appear to be tenden¬ 
cies in certain directions, however, are pointed out. 

Com and potatoes in rotation with the small grains leave the soil 
enriched with organic matter, com probably because of its extensive 
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root system, and potatoes because of the residues of tops. Unfortu¬ 
nately, neither crop seems to be a practicable possibility in dry-land 
sections of lowest rainfall. 

Fallow crops, rye and field peas, turned under have thus far not all 
increased the organic matter content of the soil over that in plats 
alternately cropped to winter wheat and summer fallowed. It is 
noticeable that in this series the most substantial enrichment occurs 
in those plats on which com is also included in the rotations. Field 
peas turned under (the pea fallow) substantially enrich the soil with 
nitrogen. 

Nitrogen has thus far been maintained on plats that have grown 
field peas continuously, with crops removed, but organic matter is 
lower than in plats alternately cropped with winter wheat and sum¬ 
mer fallowed. 
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WHEAT YIELD AND RAINFALL IN OHIO^ 

F. A. Welton and V. H. Morris^ 
INTRODUCTION 

In a previous paper (5)*\ dealing with wheat yields following pota¬ 
toes, it was suggested that the high yields thus obtained may be due, 
in part, to a high nitrate content of the soil and that the accumulation 
of nitrates may, in turn, be dependent on low rainfall. If this be 
true, then it follows that high yields of wheat following potatoes are 
related to low rainfall, for the reason that the latter pennits a greater 
accumulation of nitrates than does high rainfall. 

^Contribution from the Department of Agronomy, Ohio Agricultural Experi¬ 
ment Station, Wooster, Ohio. Received for publication, August 29, 1924. 

^Associate and Assistant in Agronomy, respectively. 

•Reference by number is to “Literature Cited”, p. 750. 
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If high yields of wheat following potatoes are dependent indirectly 
on moderately dry weather, then to the same condition, perhaps, may 
be ascribed the reason for the outstandingly high yields which are 
obtained in certain seasons. It is a matter of common knowledge 
that unusually high yields are produced occasionally. For example, 
1917 was such a year. In that season the average yield for Ohio was 
22 bushels per acre, or 5.2 bushels above the average for the decade 
1911-1920. 

The purpose of this paper is to consider the relationship between 
wheat yield and rainfall under Ohio conditions. Such an inquiry is 
of moment because the premise that high wheat yield is dependent on 
low rainfall is not universally accepted. Indeed, by some authorities, 
it is claimed that in Ohio there is no relationship between wheat yield 
and rainfall; that the latter is always sufficient and is never great 
enough to affect the yield adversely. 

MATERIAL UvSED IN THIS STUDY 

Two classes of data have been used in the preparation of this paper. 
These are wheat yield and rainfall records obtained at four of the 
experimental farms operated by the Ohio agricultural experiment 
station, the central farm located at Wooster, Wayne County, and 
the three district farms, one located at Germantown, Montgomery 
Countj", one at Carpenter, Meigs County, and one at Strongsville, 
Cuyahoga County. These farms are well distributed over the state 
and the records, therefore, are based on soil and climatic conditions 
fairly typical of the state as a whole. They cover periods ranging 
from 19 to 35 years. At each farm, the wheat yields used are those 
produced by a fertilized plot receiving phosphorus and potassium, 
but no nitrogen. These plots were selected because it was thought 
that yields from them would be a more sensitive measure of possible 
variation in nitrate content of the soil than would yields from un¬ 
fertilized plots or from plots receiving so-called complete fertilizers. 

The rotations involved in this discussion arc: a three- and five-year 
one at Wooster (potatoes, wheat, clover) and (com, oats, wheat, 
clover, timothy); two three-year rotations at Germantown (tobacco, 
wheat, clover) and (com, wheat, plover); a three-year one at Carpen¬ 
ter (com, wheat, clover); and a five-year one at Strongsville (com, 
oats, whea^, clover, timothy). 

The yield of wheat and rainfall records used in this paper are re¬ 
corded in Tables i to 5 inclusive. 
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Table i.— Annml yield of wheat per 

acre at the four farms. 



Wooster 

Germantown 

Carpenter Strongsville 

Year 

Following 

Following 

Following Following 

Following 

Following 


potatoes 

oats 

tobacco 

corn 

corn 

oats 


Bus. 

Bus. 

Bus. 

Bus. 

Bus. 

Bus. 

1895 

20.17 

9.42 





1896 

10.29 

6.50 





1897 

39-83 

20.42 




23.082^ 

1898 

34-25 

20.79 





1899 

34-33 

15.08 





1900 

47-58 

12.25 





1901 

31.17 

24.92 





1902 

48.08 

25.41 





1903 

34-75 

21.25 





1904 

35 - 5 « 

20.00 

16.33 




190*; 

37 -b 7 

15.04 

18.00 

16.33 

22.92 

15-21 

1906 

47-50 

32.29 

21.71 

18.72 

19.83 

14-79 

1907 

36 . 5 « 

22.95 

24-43 

20.50 

17.87 

25.12 

1908 

47-17 

29-54 

22.67 

15.00 

15.58 

23.96 

1909 

40.21 

31.13 

8.83 

7.67 

21.29 

20.17 

1910 

38.62 

18.21 

35.16 

21.92 

11.08 

15-79 

1911 

38.79 

1437 

29.08 

14.75 

11.67 

12.58 

1912 

16.08 

10 16 

00.00 

00.00 

22.(X) 

00.00 

1913 

36.37 

25-17 

28.33 

22.25 

11.67 

15.08 

1914 

31.50 

35.08 

42.17 

26.00 

22.33 

24-58 


40.67 

23.58 

38.92 

12.71 

20.33 

33.08 

1916 

35.25 

24.54 

30.08 

15.04 

11.58 

30.17 

1917 

50.96 

27.46 

36.75 

22.71 

23.33 

37.83 

1918 

30.39 

19.96 

24.42 

14.21 

15.00 

22.83 

1919 

35.04 

22.75 

29.67 

13.12 

26.50 

28.00 

1920 

30.83 

IT.12 

00.00 

00 00 

11.50 

18.00 

1921 

44.46 

19.87 

31.42 

17.92 

17.33 

30.83 

1922 

34-58 

23.29 

18.00 

12.79 

5.00 

27-83 

1923 

40.04 

23.92 

48-83 

32.12 

17.17 

34.00 


®Note: yields at Strongsville for the years 1898-1904 were omitted because of 
bad attacks of flessiaii fly. 

METHOJ 3 S OF ACCUMULATING DATA 

At each farm the yield data and rainfall data were treated alike* 
And the methods used in their preparation were the same at all farms- 
Therefore, a description of the methods employed at one farm will 
suffice for all. 

At Wooster, for example, all the data, both yield and rainfall 
records, were first converted into percentages of their respective 
means. This was done by dividing the yield for each individual year, 
and the rainfall for each year, or part of a year, by their respective 
means. The purpose of this was to reduce both sets of values to a 
common denominator. This was desirable in order to obtain compar¬ 
able figures with which to be able to plot both sets of values on like 
ordinates. The yield value and rainfall value for any given year, or 
part of a year, were then plotted on the same ordinate and the years 
were arranged in the order of decreasing rainfall. 

In considering the relationship between yield and the annual rain¬ 
fall, the years were arranged on the basis of the total precipitation 



'Rainfall at Wooster, (inches). 
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for the wheat-year, that is, for the months of September to June in¬ 
clusive. In considering the relationship between yield and rainfall 
for various parts of the year, the years were arranged first, on the 
basis of the rainfall for the seasonal groups of months, as the autumn 
group, winter group, etc.; and second, on the basis of the rainfall for 
individual months, as for September, October, November, etc. 

After plotting the figures for yield and for rainfall, there was fitted 
into each set of values a straight line, by the method of least squares. 
The straight lines ^only are shown in the figures which accompany 
this article. 

RESULTS OF THE STUDY 

The relationship between yield and rainfall, the latter for the entire 
wheat-year, is shown for Wooster, Germantown, Carpenter and 
Strongsville in Figures 1,2,3 and 4 respectively. These figures show 
that at all four places, a decrease in rainfall is accompanied by an in¬ 
crease in yield. 

In this connection, it is of interest to note the relationship which is 
shown in a few of those years in which the yields have been con¬ 
spicuously high. Take the yield of any given plot, as for example, 
that of Plot 8 in the potato rotation at Wooster. By going back over 
the yields of this plot for the last 29 }''ears, it is found that the highest 
three yields were obtained in the years 1900, 1902 and 1917. The 
rainfall month by month for each of these three wheat-years, also 
the nonnal are shown in Figure 5. (Normal rainfall equals the 
average for the period of time for which records are available at any 
given farm. The length of these periods ranges from iq to 35 years.) 
In no one of the three years did the monthly rainfall equal the normal 
more than three times. 

The rainfall relations for the three years of the most outstanding 
wheat yields at Germantown md at Strongvsville are shown in Figures 
6 and 7 respectively. 

At Carpenter, there have been no outstanding yields; hence, no 
graphs are shown for that place. Lack of such yields at that station 
is probably due to j>oor fertility conditions. Land in that section of 
the state is relatively thin and, besides, the wheat on that farm follows 
com. 

The question now arises: In what part of the year, if any, is sub¬ 
normal rainfall most beneficial? 

Some evidfece on this point is given in Table 6 which shows the 
relationship between yield and rainfall for various gapoups of months 
at Wooster, Germantown, Carpenter and Strongsville. In this table 
these relationships are expressed by means of the straight line equa- 
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tions rather than by the straight lines themselves. This* was done in 
order to economize space. 

The equations presented are the ones derived from the yield values 
only and the point about them which is of most significance in this 
connection is the sign of the x value. In interpreting these equations, 
it must be remembered that they were derived by first arranging the 
years in the order of decreasing rainfall. The equations, therefore, 
indicate that a decrease in rainfall is accompanied by an increase or a 
decrease in yield according as the sign of the x value is plus or minus. 

Thus, the equations indicate that during the autumn months, a de¬ 
crease in rainfall is accompanied by an increase in yield of wheat at 
all four stations, because in all cases the sign of the x value is plus, or 
positive. In the winter months, a decrease in rainfall is accompanied 
by a decrease in yield at Wooster and Germantown and by an in¬ 
crease in yield at Carpenter and Strongsville, because the sign of the 
X value in the two former is minus, or negative, and in the two latter, 
it is plus, or positive. In early spring, the relationship is positive 
throughout. In late spring, it is equally divided, being positive at 
Wooster and Germantown, and negative at Car])enter and vStrongs- 
ville. 

From Table 6, therefore, it appears that in the fall and earl\' vSpring, 
moderately dry weather is more beneficial than it is in the winter or 
late spring, because in the former t\A*o groups of months, there is a 
positive relationship at all four ])laccs; while in the latter two groups 
the number of posith^e and negative relationships is equally divided, 
thus indicating an indifference of wheat toward rainfall at these par¬ 
ticular ijcriods of the year. 

Considering the relath^e importance of subnormal rainfall in each 
month sei)arately, there are two months only, November and April, 
in which there is a positive correlation at all four localities. This is 
shown in Table 7, where the calculations are based on the rainfall for 
indhndual months. From this Table, it is possible also to make a 
more critical analysis of the material embodied in the groups shown 
in Table 6. For example, it may be seen that there is a i)ositive re¬ 
lationship ten times out of a possible twelve in the group of autumn 
months; six times out of a possible twelve in the group of winter 
months; seven times out of a possible eight in the two early spring 
months and three times out of a possible eight in the months of May 
and June. And only one of these is in the month of June. 

If the hypothesis assumed in the introductory paragraph of this 
paper be true* that is, if nitrate nitrogen is the key to the apparent 
relationship between wheat yield and rainfall under Ohio conditions, 



Table 6.— Relationship between yield of wheat and rainfall for various groups of months. 

Station 

Wooster Germantown Carpenter Strongsville 
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then it is of interest to compare the relationship between rainfall and 
two sets of wheat yields both obtained on the same farm but each 
following a different crop, one of which is known to be more favorable 
than the other to the accumulation of nitrates. It is possible to mny-A 
a comparison of this kind at both Wooster and Germantown. At 
Wooster, for example, there are available two sets of wheat yields; 
one, where the wheat follows potatoes; the other, where it follows 
oats. Likewise, at Germantown, there are two sets of wheat yields; 
one following tobacco, the other following com. Experimental evi¬ 
dence indicates that potatoes and tobacco are more favorable to an 
accumulation of nitrates than are com and oats (s). The relation¬ 
ships at.Wooster are shown in Figure 8, and at Germantown in Figure 
9. At both places the graphs show that the higher relationships are 
found where the wheat follows the crop which is the more favorable 
for nitrate accumulation; namely, potatoes at Wooster and tobacco 
at Germantown. This result is as would be expected if nitrates are a 
factor in the relationship between wheat yield and rainfall. 

It is probable that an abundance of nitrates tends to increase the 
degree of tillering, and, within limits, an increase in tillering is accom¬ 
panied with an increase in yield. That the latter is tme is shown in 
Table 8, where are given the number of culms and the yield per acre 
on certain plots for three different seasons at Wooster. 

Table 8 .—Number of culms and yield per acre. 

Number of culms per acre Yield per acre—bushels 

1921 1922 1923 1921 1922 1923 

1,789,740 1,898.787 2,195,610 34.49 36.77 38.17 

The yield in each case is based on the average of five tenth-acre 
plots. The number of culms per acre was estimated from counts of 
stubble made on the same five tenth-acre plots. On each plot, the 
number of stubble in ten areas, each one yard square, was counted. 
From the average of these ten counts, the total number of culms per 
plot was estimated. The stand in five plots was thus estimated, and 
on the basis of the average of these was calculated the number of 
culms per acre. 

DISCUSSION OF RESULTS OF THIS STUDY 

The facts herein presented indicate that wheat yields in Ohio are, 
as a rule, depressed by too much rainfall and that the exceptionally 
high 3rields, which are obtained now and then represent what wheat 
could and probably would do every year, barring the interference of 
other factors, providing the rainfall were a little less. 
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In this connection it is of interest to note that Knight (2) doing 
irrigation work in Nevada found that applications of water in excess 
of 28 inches reduced the yield of wheat. 

Widtsoe and Stewart (6) doing irrigation work in Utah write: “At 
every period of growth the percentage of heads increased inversely 
with , the amount of water applied. Considering the plant as a whole 
the tendency at every stage of growth was for the proportion of heads 



records. 



Fig. 4. Graphs of wheat yields 
(bushels) and rainfall (inches) both 
expressed in percentages of their re¬ 
spective means. Strongsville, 20-year 
records. 
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Fio. 8. Graphs of wheat yields (bushels) and rainfall (inches) both 
expressed in percentages of their respective 
means. Wooster, 29 -year records. 
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Fig. 9 . Graphs of wheat yields (bushels) and rainfall (inches) both 
expressed in percentages of their respective means. German¬ 
town,*^ 9-year records. 

to increase and the stalks and leaves to decrease as the amount of 
irrigation water decreased/' 

Also it is of moment to note the amount of rainfall in the great 
wheat-producing regions of the world. According to Finch and 
Baker (i), there are eight such regions and in most of them, they say, 
the average annual rainfall is less than 3 o inches. In Ohio, the average 
annual rainfall is approximately 38 inches. 

That mediately dry weather and consequent high nitrate content 
of the soil are most beneficial in the fall and early spring is to be ex¬ 
pected; because, according to Weaver, et cU (4), these are periods in 
which root growth and tillering take place rapidly. These invest!- 
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gators found that, under Nebraska conditions, root growth continued 
until the middle of December and at that time the soil was well 
occupied with roots to a depth of three feet, some of which had pene¬ 
trated to a depth of four feet. They found that tillering began 15 
days after planting and continued to the middle of December. Both 
root growth and tillering were resumed in the spring about the middle 
of March. 

In late spring, wheat appears to be tolerant of, or perhaps to need, 
more water. This may be due to the fact that, in this stage, the 
function of the wheat plant is somewhat changed. In the later weeks 
of its life, the wheat plant is no longer taking up much material 
either from the soil or the air; its chief function being to translocate 
material from the leaves and stems to the seeds. 

In the winter period, wheat appears to be more or less indifferent 
to rainfall. However, it is probable that moderately dry weather is 
preferable even at this season, especially in years of extremely cold 
weather, because, according to McCool and Miller (3), a decrease in 
soil moisture is accompanied by a lowering of the freezing point of 
root-cell sap. This, of course, would make for winter hardiness. 

SUAUVIARY 

The statistical data reported herein indicate that in Ohio: 

A decrease in rainfall is accompanied by an increase in yield of 
wheat; 

Subnormal rainfall is more beneficial in the autumn and early 
spring, than in the winter or late spring; 

November and April are the two individual months in which sub¬ 
normal rainfall appears to be most beneficial; 

Wheat yields are probably depressed in most years by too much 
rainfall. 
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THB EEVECT IN POT CTJLTUSE 09 QtOm BIANUItS IN 
DIFFERENT STAGES OF GROWTH AND DECOMPO¬ 
SITION, ON THE SUBSEQUENT CROF 

Burt L. Hartwell and P. R, Pember® 

In attempting to supply organic matter by green manure instead of 
by stable manure, the market gardener must depend on the liberal 
use of fertilizer to provide the nutrient needs of the crops. Because 
the fertilizer expense is relatively less important in comparison with 
the cost of the other items connected with his intensive operations, 
he can afford to be quite profligate in his use of plant food, if desired 
results are thereby attainable. 

Provided ample water and fertilizer are at hand, the question arises 
as to how important are the stage of growth and the degree of decom¬ 
position of the material used for green manure. 

Of interest in this connection are a few pot experiments, the results 
of which will now be given in brief. 

Wagner pots, 8 inches in diameter and height, and vsilt loam soil 
from the experimental fields were used in each case. The general pro¬ 
cedure was to grow the green manure crop in the pots, using liberal 
fertilizer, and at different stages of growth, after cutting the crop into 
one-inch or smaller pieces, to place the material in a layer under about 
four inches of the soil, somewhat as is done in plowing under a green- 
manure crop. At a subsequent date, the top soil was again fertilized, 
prior to planting cos lettuce, or romaine, as a crop to demonstrate the 
effect, if any, of ♦the green manure in different conditions. 

In some cases, hydrated lime at the rate of one ton per acre was 
mixed with the layer of green manure, and in other cases this was 
omitted; but, inasmuch as it exerted practically no influence, it is 
only necessary to focus attention on the fertilization, for it will be 
seen later that, in the experimeht of 1922, the fertilizer was supplied 
so liberally that the condition of the green manure was of practically 
no importance. 

In 1920 and 1921, oats were grown for green manure,and the fi^il- 
ization per pot was as follows: 



Grams 

Acid phosphate (2930 poimds per acre) 

10.0 

Sulphate of potash, 

3-0 

Nitrate, of soda, 

2.0 


^Contribution Jii of the Agricultural Experiment Station of the Rhode Island 
State College, Kingston. Received for publication, September 29, 1924. 

^Directcn* and Agronomist, and'former Associate in Glasshouse ES^pWiments, 
re^ectively. 
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It was considered that this liberal application would give maximum 
growth of the oats without leaving the soil in a depleted condition 
and that the acid phosphate would inactivate any soil aluminum 
which might otherwise be toxic to the sensitive lettuce. 

Furthermore, the cos lettuce was given per pot, only at the time of 
planting, i.8 grams acid phosphate, 0.4 gram sulphate of potash and 
i.o gram nitrate of soda. 

In 1920, the green leaves of lettuce, planted the last of July and 
harvested September 28, averaged per pot 273 grams in weight after 
70 grams of green oats 18 inches tall had been turned under June 29; 
171 grams, after 139 grams of oats beginning to head had been turned 
imder July 12; and 95 grams, after 152 grams of oats in the milk stage 
had been turned under July 27. 

Similarly, in 1921, wdth new soil, the green leaves of lettuce planted 
July 19 and harvested September 19 averaged per pot 294 grams 
after 129 grams of oats 15 to 20 inches tall tumed under June 24; and 
168 grams, after 160 grams of oats in the milk stage turned under 
July 14. Again, lettuce planted July 30 and harvested October 4 
averaged 134 grams, after 160 grams of oats in the milk stage turned 
under July 14; and 89 grams, after yellowed oats 40 inches tall turned 
under July 27. 

Also in T921, under the same conditions as the lettuce, carrot roots, 
planted July 26 and harvested October 31, averaged 159 grams, after 
130 grams of oats turned under July j; iin 6 110 grams, after 157 
grams of oats turned under July 19. Again, when planted August 2, 
carrots averaged 115 grams, after oats turned under in the milk 
stage July j 9; and 87 grams, after yellowed oats tumed under July 29. 

In spite of the equivalent per acre of about 5200 ])ounds of 2-9*8 
fertilizer for the oats and about J030 pounds of 5-8-5 fertilizer for the 
following lettuce and carrots, it is evident that oats planted at a given 
time affected the following crops the most favorably if they were 
tumed under when young and subjected to decomposition; whereas 
their influence was the least advantageous, or the most objectionable, 
when they were turned under at the approach of maturity and al¬ 
lowed no opportunity to decompose before the following crop was 
planted. 

This is the usual experience; and because the moisture factor was 
eliminated in this instance, attention was directed to the fertilizer 
factor as concerns particularly the nitrogen compounds. One promi¬ 
nent explanation of the retarding effect of strawy material is that it 
does not promote or perhaps even retards the accumulation of nitrates. 
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In the next experiment, it will be seen that the variation in the 
effect of the green manure depending on its stage of growth and de¬ 
composition was prevented by the prodigal use of fertilizer during the 
growth of lettuce. 

In 1922, again with new soil, buckwheat was the green manure crop 
used, the fertilization of which was the same as for the oats. Three 
sets of duplicate pots were planted June 6, 22 and July 8, and the 
buckwheat turned under, in all cases with 14.5 grams of added hy¬ 
drated lime, on July 10, 26 and August ii, respectively, when all 
were in bloom, about 26 inches tall, and averaging 212 grams (31 
tons per acre) of green material per pot. The nearly moisture-free 
cos lettuce, which was planted on the uniform date of August 12 and 
harvested on November 8, averaged respectively 25, 26 and 27 grams 
per pot. This shows that such decomposition of the buckwheat used 
for green manure at blooming time as took place even between July 
10 and August ii had practically no effect on the succeeding crop. 

It now remains to show the effect of buckw^heat turned under when 
some of the grain hulls had become brown and the plants were 39 
inches tall and averaged 270 grams per pot. One lot of such buck¬ 
wheat was planted June 6 and turned under July 26, and the other 
planted June 22 and turned under August ii. The cos lettuce was 
planted, harvested and dried as before. It averaged respectively 29 
and 24 grams per pot. Pots in which no buckwheat was grown, but 
otherwise strictly comparable, averaged 28 grams of the lettuce. 

Practically, it may be said that none of the buckwheat affected the 
lettuce, probably because of the fertilization of the latter, which will 
now be considered. 

At the time of planting, on August 12, there were mixed with the 
upper four inches of soil, 5 grams acid phosphate, i gram sulphate of 
potash and i gram nitrate cf soda. On September 30, differences 
were appearing in the lettuce, and to determine whether these differ¬ 
ences could be eliminated the following fertilizer was added per pot 
in connection with watering, namely: 5 grams acid phosphate, 4 grams 
sulphate of potash, and 3 grams nitrate of soda. The result was that 
the differences gradually disappeared. 

In the experiments of 1920 and 1921, the lettuce fertilizer was 
about equivalent to 1030 pounds of a 5-8-5 fertilizer per acre and the 
maximum gtpwth of green lettuce was 294 grams per pot. In 1922, 
the average of the lots, all of which were similar, was 307 grams; and 
the total fertilizer given to the lettuce was equivalent to about 7,000 
pounds of a 3-6-10. 
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In the field, there has been practically no difference during three 
seasons in the growth of celery set out in the middle of July, using the 
equivalent of about a ton of 5-8-5 fertilizer, whether, early in June, 
fully headed rye or slightly headed wheat, or a month later, oats, had 
been turned under for green manure. Larger yields of celery have 
been obtained thus far, however, with stable mantire than with 
green manures. 

It may prove difficult to apply economically the large amount of 
fertilizer necessary to secure to a rotation the benefits of the organic 
matter in an abundant green manure crop, and also to obtain a satis¬ 
factory yield of the crop immediately following the green manure. 
The difficulties will increase when a lack of rainfall lessens the oppor¬ 
tunity for additional fertilizer applications. 


WILLIAM D. HURD 

It is with the deepest regret that we announce the sudden and un¬ 
timely death of Professor William D. Hurd at his home in Washing¬ 
ton, D. C., Friday, August 22nd. 

Professor Hurd was a native of Michigan, having graduated from 
the Agricultural College at East Lansing in 1899. Four years later 
he became Professor of Agriculture in the University of Maine. 
He was Dean of the Agricultural ("ollege of the latter institution 
from 1906 to 1909, and from tqoq to 1919 he was director of the ex¬ 
tension service in the Massachusetts Agricultural College. 

In 1919 he became Western Manager of the Soil Improvement 
Committee of the National Fertilizer Association, and he has been 
Director of this organization since 1920. During the war he was a 
special assistant to the Secretary of Agriculture. 

During the past five years Director Hurd labored unceasingly in an 
effort to bring the fertilizer industry and the agricultural workers of 
the country to a better understanding of their mutual problems. 
He always thought of the fertilizer industry in tenns of agriculture as a 
whole, and he believed thoroughly that neithei' could prosper per¬ 
manently unless the other prospered accordingly. He was in many 
respects an idealist, and progressive always. His leadership, however^ 
was of a practical kind that produces results which can be measured. 

Professor Hurd was an active worker in a number of scientific 
and civic organizations. He was a Fellow of the American Associa¬ 
tion for the Advancement of Science, a member of the American 
Genetic Association, was enrolled in the Society for the Promotion of 
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Agricultural Science, the American Society of Agronomy, the Ameri¬ 
can Chemical Society, and an executive secretary of the Northeast 
Conference on Rural Progress. He was also a member of the Alpha 
Zeta, Phi Gamma Delta, and Phi Kappa Phi fraternities, of the 
Shakespeare and Cosmos Clubs of Washington, and of the Episcopal 
Church of Chevy Chase. 

H. R. Smalley 


BOOK REVIEW 

FORAGE PLANTS AND THEIR CULTURE 

By Charles V, Piper^ A^rosiolofi^ist, Bureau Plant Industry, United States De* 
pariment of Afiriculture. The Macmillan Company, New York. 671 pages, 74 
figures, 14 plates. 1924. 

In revising this book, the author has incorporated the more im¬ 
portant new knowledge contributed in the past nine years to the 
subject of forage crops. He points out with much truth and emphasis 
the economic importance of forage crops and the fact tliat the present 
status of knowledge concerning farm forages is not nearly so complete 
nor so accurate as it is concerning such crops as the cereals, cotton 
and tobacco, ^'he weakest place in the knowledge of forage produc¬ 
tion in American agriculture is unquestionably that relating to 
pasture and pasturage. This is true notwithstanding the fact that 
pasturage alone furnishes equally as much feed as all the harvested 
forages. 

This revised edition is undoubtedly the foremost work on forage 
crops available at this time. It is amply illustrated. The statistical 
information i» very forcibly presented, with maps and tabular data 
based on the 1920 census reports, A very complete index adds the 
usual value to the text and among the other features carefully se¬ 
lected list of references at the end of each chapter gives this work an 
outstanding value for use in the classroom. L. F. Graber. 


AGRONOMIC AFFAIRS 

MEETING OF THE CORN BELT SECTION OF THE AMERICAN 
SOCIETY OF AGRONOMY 

The summer meeting of the Corn Belt Section of the Society was 
held at the Iowa State College on August 28 and 29, to inspect the 
investigational work in Farm Crops and Soils. 

Many of the visiting agronomists reached Ames on Wednesday and 
on the evening preceding the meeting all gathered at the Acacia 
fraternity house where a most enjoyable get-acquainted session was 
Spent. 
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On Thursday morning at 9:00 A. M. the opening session was held 
in Agricultural Assembly, with past-president Dr. C. R. Ball 
presiding. Acting-president Herman Knapp of the Iowa vState 
College welcomed the visiting agronomists and response was made 
by Dr. Ball in behalf of the vSociety. President M. F. Miller of the 
Society reached Ames during the oj)ening meeting. Dr. W. H. 
Stevenson described briefly the organi^iation and work of the Farm 
Crops and Soils Section of the Jowa Agricultural Experiment Station, 
after which there was a tour of inspection of the laboratories, class 
rooms and offices. Immediately following this tour, the visitors broke 
up into groups for conferences with members of the staff and to go 
over special phases of the work more in detail. 'Ihe crops specialivSts 
met on the campus near the campanile while the soils men visited the 
laboratories. 

The following members of the staff discussed their work* 

Farm (Wops 

“Cooperative Cro]) Experiments,” Prof. J L. Robinson. 

“Forage Crop Investigations,” Prof. F. vS. Wilkins. 

“Instructional Work in Crops,” Prof. J. B Wentz. 

“Small Crain Investigations,” Prof. L. C. Burnett. 

“Corn Investigations,” Prof. M. T. Jenkins. 

“The Seed Laboratory,” Prof. H 1). Huoiies 

Soils 

“Plumus Investigations,” Dr. H. J JIarfer. 

“Agronomy b^arm,” Prof. L. W. Forajan. 

“Instructional Work,” Dr. W. H. Stevenson. 

“vSoil Bacteriology,” Dr. P. E. Brown and Dr. L. W. Erdman. 

“Soil Survey and Field Experiments.” Dr. W. H. vStevknson and 
Dr. P. E. Brown. 

“Soil Fertility Investigations,” Dr, Pai’l Emerson. 

After luncheon at the Maples, Ihesidcnt Miller called on represen¬ 
tatives to introduce all those present from their states and the follow¬ 
ing nunbers were found to be jiresent from the several states. Ne¬ 
braska, 7; Minnesota, 8; Illinois, 12; Kansas, g; Wisconsin, 5; In¬ 
diana, 5; Michigan, 3; Missouri, 4; South Dakota, 5; Texas, i; 
Louisiana, i; Oregon, i; West Virginia, 1; Utah, 1; New York, i; 
Canada, 4; Washington D. C., 4; and Iowa, (about) 30. 

At 1130 P. M., an auto trip was taken to the College Field where the 
crops experiments were inspected and explained by Professor H. D. 
Hughes, F. S. Wilkins and others on the crops staff. At 4:30, there 
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was an auto tour of the campus and coU^ farms, siter which the 
members enjoyed a swim in the pool at the gymnasium. 

Dinner at 6 :oo P. M. at the Maples was followed by a sesssion at 
Agricultural Assembly, where two moving pictures were shown, 
"The Com Belt Derby’’ and “Pay Dirt,” the latter having been 
written, staged and produced at the Iowa St^te College. Some lan¬ 
tern slides were then shown and briefly discussed by Professor H. D. 
Hughes and Dr. W. H. Stevenson, setting forth some phases of the 
work in farm crops and soils which could not be shown in August. 

A brief business meeting was held, at which it was voted that the 
next summer meeting should be held at the Michigan Agricultural 
College at East Lansing, Mich, with Professor J. F. Cox in charge. 

On Friday, the visitors were taken by auto to the Agronomy 
Farm and at g :oo A. M., after an explanation of the history and lay¬ 
out of the farm and of the experiments by Dr. W. H. Stevenson, the 
soil experimental plots were visited and inspected many stops being 
made to discuss questions arising in regard to the different tests. 

Luncheon at the College Inn Cafeteria was followed by a return to 
the Agronomy Farm and inspection of the crops experiments. A 
dinner was held jointly with the National Soy Bean Association at 
6:30 at the Maples after which the members attended the opening 
session of that association. 


P. E. Brown, Secretary 
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AGRONOMIC SCIENCE AND INCREASED PRODUCTION^ 

M. F. Millp:r2 

It is a commonplace statement that the United vStates has reached 
a point where the fertile and readily usable agricultural lands have 
all been put under cultivation. Future increases in production there¬ 
fore must come through the use of marginal lands, the reclamation of 
some jjotential lands requiring drainage or irrigation, and the increase 
of acre \’ields. As agronomists, it might be worth while for us to 
consider the third of these possibilities, that of increasing the acre 
output. I realize that to enter such a field of speculation may seem 
unprofitable. In fact, there are so many unknown factors which may 
become operative in the future that it may seem folly to consider the 
subject at all. Nevertheless, speculation is interesting and by means 
of it we may at least set goals toward which to work. It may not be 
amiss, therefore, to consider the probable need and the desirability of 
increased yields, the limiting factors, the probable future trend in 
acre yields and the agronomist’s relation to the matter. 

The need of increased iwoduction is, of course, not apjjareut in our 
present economic life Asa matter of fact, we have heard much re¬ 
garding overproduction in the period following the war. Alany per¬ 
sons have become obsessed with the idea that the problems (if distri¬ 
bution and marketing are all important. Pome even fear that the ef¬ 
forts of agronomists may result in disastrous overproduction. J t must 
always be remembered, however, that only a comparatively small 
number of farmers have as yet made any serious attempt to follow 
our teachings and that most farmers change their methods very 
slowly. The question, then, is whether the future need for food stuffs 

'Presidential address read at the annual meeting of the American Society of 
Agronomy, at Washington, D. C., November lo, 1924. 

•Professor of Soils, University of Missouri, Columbia, Mo. 


757 







7sB journal op the American society of agronomy 

may .not become keenly felt, in spite of our best eiforts. Naturally, 
this will depend primarily upon the rate of population increase, along 
with such influences as the increase of imports and the market prices 
of farm products. 

It may seem idle to speculate on the increase in population of con¬ 
tinental United States. If the curve of increase rises at anything like 
the rate which has been common to the last half century, we shall 
have hosts of people to feed in a few more generations. There are, of 
course, those who take great pride in our increasing numbers, and 
doubtless within certain limits such a pride is justified, but unlimited 
increase is certainly not desirable. 

Doubtless many of you have read Dr. East’s interesting but de¬ 
pressing book, “Mankind at the Crossroads,” in which he insists that 
the Malthusian law still applies and that our future population will be 
limited only by the amount of food available for sustenance. Dr. 
East fears that within the next fifty years, should our present rate of 
increase continue, we shall have passed beyond the possibility of 
maintaining anything like our present standards of living, and that 
when this condition is reached it will be irni)()ssil)lc to lift ounselves 
up again. He holds that the next half century will show whether we 
arc to curb our increase in nutnbers, so as to maintain a satisfactory 
living standard or whether we are to reach a point of population 
.saturation based on a living standard such as is common to .some of 
the more denscl}^ populated countries. 

It seems to*iiie that for a people accustomed to the average stand¬ 
ard of living in this country, the possibility of an excessively large 
pojjulation is unlikely. It must be remembered that our people have 
always been accustomed to a high living standard and there is evety^ 
reason to believe that we shall make every effort to maintain it at a 
comparatively high level. There are already signs of a change in our 
rate of increase. We are restricting immigration and there are indi¬ 
cations of a marked restriction of the birthrate among native bom 
Americans. Asa matter of fact, the increase of population between 
1890 and 1900 was 13,046, 86j ; between 1900 and 1910 it was 15,977,- 
691, while between 1910 and 1920 it dropped to 13,738,354* 

Doubtless many of you are familiar with the work of Pearl and 
Reed, in which, by the application of a formula based on biological 
principles, they have estimated our maximum population at approx¬ 
imately 200 millions. These calculations indicate further that this 
number will be reached at about the year 2000. It would seem that 
such a figure is a fairly reasonable one. We may, of course, go higher 
by* means of improved methods of food production and because slight 
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changes in the diet are possible without interfering materially with 
our general well being. It is probable, however, that the year 1950 
will see approximately 150 millions of ])eople in this country and the 
year 2000 not less than 200 millions. Hence, the problem arises of 
supplying such a population with sufficient food and clothing to 
maintain a reasonably high standard of living. Aioreover, it is prob¬ 
able that food and clothing cannot be considered alone. There is a 
strong probability that before the matter of the h)od sup]:)ly becomes 
acute, if it ever does, our fanners will be supplying materials from 
which alcohol or other fuels may be manufactured. 

In the light of our probable future population, it seems perfectly 
evident that production must be increased. However, the situation 
is somewhat complicated by the matter of future imports and ex¬ 
ports. Here one again enters the held of si)eculation. Witli rCvSjject 
to exports, there is little doubt thattheex])orlationof food stuffs will 
be eliminated as the demand increases at home While the amount of 
our exports has varied rather widely, we are now exporting grains, 
cotton and animal products recpiiring for their production about 17% 
of the crop])ed land acreage. Wc shall doubtless continue to export 
cotton, in (|uantity, for a long time to come, since our conditions arc 
peculiarh' favorable for its ])roduction. AVe may develop also an ex¬ 
port trade on other less important cro])s, but a curtailment of the 
export of our jjrincipal food ])roducts is in sight. 

In the case of imports, it is difficult to see very far into the future- 
While it is certainly safe to ])lan to be a self-sustaining nation, yet so 
long as there are regions of the world where the food resources exceed 
the demands of the ])opulation, so long as we have an open sea, and 
so long as we have manufactured products to ship abroad, we shall 
doubtless im])ort considerable amounts of food materials. The in¬ 
crease in world po])ulation from 780 millions in 1820 to 1700 millions 
in 1920 has been due largely to the development of ocean transj^orta- 
tion and to the free movement of food materials. This is shown by 
the fact that the principal increases in population have been in those 
countries in which industry' and transportation have been most 
highly developed, and not in those countries of retarded industrial 
development, such as China and India. The industrialized nations have 
been buying a considerable share of their food stuiTs from nations 
with greater soil resources. England is the most striking example, as 
she imports approximately four-fifths of her food supply. Before the 
war, Germany was importing one-fifth, and Italy about one-third, of 
the needed food stuffs. 

But even those nations which are producing an exportable surplus 
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are importing certain foods. In otir own case, we are importing large 
amounts of rice, sugar, cocoa, bananas, olive oil, coffee and tea. While 
some of these are in the nature of luxuries, others are substantial 
foods. There is little doubt, too, that in the immediate future, unless 
the tariff intervenes, we may expect considerable importations of 
wheat. Canada, South America and Australia have large quantities 
for export. In time, Russia will probably again be an important ex¬ 
porting countiy". There is good reason to believe, therefore, that for 
some time to come the world price of wheat may be so low as to make 
competition under our conditions rather difficult. 

7 'he matter of possible imports is complicated also by the trend of 
world settlement and the white man’s conquest of the tropics. If 
Huntington’s views i)rove correct, the great civilizations will be 
limited to those regions which experience rather marked temperature 
changes and violent cyclonic stomis, such as those of Western Europe, 
Japan and the United States. More recently, the independent inves¬ 
tigations of Taylor have led to quite similar conclusions. However, 
Taylor includes the coal supply and i)otcntial agricultural production, 
as well as climate, among the determining factors. He concludes that 
future white settlement will center around London, England, Sidney, 
Australia, and Chicago in this country, with less important centers 
around Buenos Aires, South America, and Durban, South Africa. 
Such considerations are important in determining how far the white 
race may go in controlling the world’s food output. It seems very 
likely that the whites will be vSegregated in regions most favorably 
located with reference to climate, a supply of food stuffs, and the 
possibilities of industrial development. Yet, they may be able to 
control production in regions unfavorable to white settlement. 
Through the plantation system and the use of native laborers, whites 
are already controlling no small amount of the production in the trop¬ 
ics. It is possible that such a system may be greatly ex tended, through 
the development of air communications and the improvement in the 
facilities for ocean transportation, particularly in the matter'of fast 
freight boats and refrigeration. 

But, in spite of the possibilities of imports, it is doubtless only a 
question of a century or less until, with the increase not only of our 
own but of world population, the percent of food stuffs imported will 
be comparatively small. It is certainly reasonable, therefore, to look 
forward to the time when our total production may be greatly in¬ 
creased. 

We are indebted to the Federal Committee on Land Classifi¬ 
cation, appointed by the Secretary of Agriculture in 1921, for an 
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exhaustive analysis of the matter of probable future land utilization. 
This committee has assumed a population of 150 millions by 1950, 
and, by a very exhaustive consideration of the conditions, it has shown 
that if no change in the acre-yield, or in the rate of consumption, 
should take place, we should be required to utilize for crops, pasture 
and forest, approximately 900 millions more acres than arc included 
in our entire territory, including deserts and waste. Therefore, we 
have two options first, that of increasing our acre production of crops, 
pasture and forests, and second, that of greatly changing our per 
capita consumption. Of course, what we shall do is to make use to a 
certain degree of both these options. But, as the committee points 
out, there is also the possibility of increasing the crop[)ed acreage by 
the utilization of some of our marginal lands, and by the reclamation 
of some of the irrigable and swamp lands. It is assumed, however, 
that in the case of such utilization, it will proceed only in so far as 
crops may thus be f)roduced more economically than through in¬ 
creasing the yields of existing cropped land ft is assumed also that 
the per capita consuTni)tif)n, particularly of beef, will be lessened 
somewhat, along with a decreased per capita use of timber j^roducts. 
If allowance is then made for an elimination of our ex]'>orts, excepting 
cotton, the committee believes that 150 millions of people can be 
supi^orted with a conqiaratively siucill increase in the yields of the 
cropped land. But without doubt 150 millions is much short of our 
maximum population It is probable that many of our children will 
live to see a population of 200 millions within our borders. We, of 
course, have large areas of land of moderate to low fertility which may 
yet be utilized, but we must remember that China with 300 million 
acres of land more than we have;, is supporting but 300 millions of 
people. What she is doing we shall proba 1 >ly do, cultivate more in¬ 
tensively our better lands, expanding into poorer lands only as con¬ 
ditions warrant. Moreover, we shall probably always remain a meat- 
eating nation, to a far larger extent than many of the older countries, 
utilizing much of our poorer lands for pasture. It seems perfectly 
evident, therefore, that we are certain to increase our production and 
the acre yields of our cropped lands as time goes on. 

In the light of our present agronomic information, the possibilities 
of an economic increase in the acre production of individual farms or 
by individual farmers are considerable. This is shown by experi¬ 
mental data and by the experiences of fanners. For instance, the 
Ohio experiment station, on tracts of land 10 acres in size (which 
takes them out of the plot class) has been able, by proper soil treat¬ 
ment, to maintain a fifteen year average yield of 78 bushels of com, 
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60 bushels of oats, 35 bushels of wheat and 3 tons of hay. At the 
same time, the lo-year average yield of the farmers of Ohio has been 
only 37 bushels of corn, 34K bushels of oats, i 6}4 bushels of wheat 
and 1.1 tons of hay. Many similar experimental data might be given. 
The experiences of our best farmers in maintaining high average 
yields show somewhat similar jiossibilities. Exceptional men secure 
yields practically as high as these, while the average yields in their 
counties or states may be less than half as much. 

Tt is of course the matter of raising the average yield rather than 
the individual yield that is the important consideration. Average 
yields can be increased but slowly. Nevertheless, the Committee on 
Land Utilisation has .shown that the average yield of the principal 
grain croi)S was about 16 greater in tqiS - 22 than in 1883-87, while 
the potato yield was greater and the hay yield 25% greater. 

This is certainly not a bad showing, although it is interesting to note 
that the increase in the yields of all these crops has been much smaller 
during the last half of this period. The committee suggests that the 
increases here recorded were due primarily to better cultural methods 
resulting from the use of improved machinery and to an increase in the 
use of commercial fertilisers. But the slowing down of the rate of 
increase is very significant. Undoubtedly, wc are reaching a ])oint 
when further increases must be secured through greater effort and 
through a wider ai)plication of the iirinci])les of agronomic science. If, 
by the application of proper methods, individual fanners can increase 
their yields 50 percent, what opportunity has the average fanner of 
doing this? There are, of course, many reasons why such an increase 
can be reached only with great difficulty. As agronomists, interested 
both in an increase in yields and in the improvement of the cjuality of 
farm i)roducts, it might be well for us to consider some of the more 
important of these reasons. Such a consideration should enable us to 
realize the importance of our task and lend zest to our future efforts. 

One of the first of the limiting factors, which might be mentioned, 
is that of the increased cost of production with increasing yields. It 
is true that, for a given individual, a substitution of proper for im¬ 
proper methods may mean less cost per unit of product, but when an 
increase in the average yield of a county or state is considered, addi¬ 
tional units usually mean added cost per unit and certainly added 
cost per acYe. This increase lies first in the cost of labor. It has been 
the history of agriculture that increased yields have been accompanied 
by an increase in human effort, resulting in practically every instance 
in lowering the standard of living. It is possible that in our case this 
may be in part or wholly offset by further improvements of agricul- 
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tural machinery. It is doubtful, however, if we shall be able, even 
with our most improved farm implements, to hold down appreciably 
the labor cost either of man or of animals. 

Another factor contributing to increased cost is that of maintaining 
soil productivity, cither through the maintenance of the natural 
stores of plant nutrients or through the addition of fertilizing mater¬ 
ials. The time has passed, in the case of all but the newer soils of the 
western corn belt and vSome of the alluvial lands, when this matter can 
be disregarded. Even in the better corn belt states, we can no longer 
depend solely upon the stored fertility of our soils, neglecting entirely 
to include the cost of this item in our expense account. Productivity 
must be preserv^ed, and in most cases increased, if the yield averages 
are to be advanced. In the corn belt states as a whole, this will mean 
more lime, more legumes, and more fertilizers In the older states of 
the East and vSouth, it will mean additional outlays for fertilizers over 
and above a large present msage 1'here is cver\- evidence, therefore, 
that the use of commercial fertilizers in one form or another will con¬ 
tinue to increase, over ])ractically all c)f our cro])ped land. When the 
outlay per acre is considered, this can mean nothing but an increased 
cost of ])roduction. 

Still another important factor, which is now contributing to the 
cost of production and which is doubtless to become of greater impor¬ 
tance with time, is that of controlling insect ])ests and cro]:) diseases. 
The etTcct of the boll weevil f>n the cotton crop is a good, but of course 
an extreme, example of Avhat insects may do. The average yield of 
cotton lias been greatly decreased by this insect, and, if its ravages 
are to be controlled, great efforts must be ])Ut forth. The li^uropean 
corn borer is another example. No one knows what it may do. Its 
insidious westward advance is certainly disconcerting. When 
consider the great numbers of other insects, all of which require 
either direct expense in their control, or the substitution of croi:)S or 
practices of less value, the cost of increased yields because of insect 
enemies can be understood, even if not actually measured. In the 
control of plant diseases, we have made but a beginning. Moreover, 
we shall have to contend not merely with those diseases that are now 
prevalent, but with those which are constantly being introduced. 
There is no doubt that one of the great items of cost in a further in¬ 
crease of yields lies in the control of these diseases. 

These are some of the more important reasons why increases in the 
average acre yield must be secured at increased cost. When we con¬ 
sider further that many farmers will not have the ready capital to 
make the expenditures necessarj’^ for such increases, the difficulties 
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are still more apparent. It would seem, therefore, that marked in¬ 
creases in the average acre yield will require higher prices for farm 
products or a lower standard of living for the farmer. It is very prob¬ 
able that, to a certain extent, both conditions may obtain, although 
great changes in either direction are unlikely. 

A second limiting factor, which applies particularly to our great 
food-producing states of the corn belt, is the preference of the farmer 
for extensive methods. Much has been said about the importance of 
*'a little farm well tilled,” but this has had little effect on the farmers 
of these great agricultural states, and those to the west. In the first 
place, land speculation has alw^ays existed in these states. The 
farmer has preferred to ]nit his accumulations into more land than 
into those things which make intensification possible. He has, there¬ 
fore, prided himself on his wide acres and his extensive methods. He 
has been interested much more in the output per man than in the out¬ 
put i:)er acre. In the second place, the climatic conditions do not 
favor great intensification. These states are .subject to a tyjjical 
continental climate. It is certainly unfortunate that the great body 
of our food-producing land is so far inland that agriculture is greatly 
influenced by an unequal distribution, and in some instances by a 
marked deficiency, of rainfall. It must be remembered that the high 
average yields of western Europe are, in no small degree, due to a 
good distribution of the precipitation and an equable climate. We 
have a somewhat similar condition in the Eastern states, W'here ein 
intensive agrioulture, limited largely to the better lands and depend¬ 
ent on heavy ai)ijlications of fertilizers, has resulted in average yields 
much higher than those common to the best lands of the corn belt 
states. As compared with the agriculture of the East, therefore, it 
seems doubtful if that of the fertile com belt states, with their fre¬ 
quent summer droughts, can^ever be other than semi-intensive. 

In the third place, it must be remembered that the cost of fertilizer 
is higher in the corn belt states than it is in the East and South; 
while, on the whole, the unit value of the crops grown is lower. * Such 
a condition influences adversely the use of large amounts of fertilizing 
materials. Moreover, there is little chance for a change in this con¬ 
dition until the center of population shifts further westward, so that 
these foods will be produced nearer the point of maximum consump¬ 
tion. All of these conditions which hold back the adoption of more 
intensive methods, militate against a rapid rise in the average acre 
yield in our principal food producing states. 

A third important factor, limiting the increase in crop yields, is that 
of land tenure. This applies particularly to the better lands of the 
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com belt states and to the South. In the corn belt states, land spec¬ 
ulation has not only tended toward the development of extensive sys¬ 
tems but it has resulted in much absentee landlordism and a wide adop¬ 
tion of the short-time lease. So long as marked land speculation exists 
in these states, we cannot expect improvement in this regard. Land 
owners are not willing to bind their lands in long-time leases, when 
there is a possibility that they may sell at a good profit within a year. 
We all know the disadvantages of the short lease system, with its 
accompanying soil deterioration and the consequent reduction in acre 
yields. In the cotton belt, where the tenant system has long existed 
there is the negro share-cropper and an economic condition which 
interferes greatly with maximum production. Both in the com belt 
and in the cotton belt, therefore, the systems of land tenure tend to 
hold down acre yields. Moreover, there is no immediate relief in 
sight. Time and economic change arc both required to remedy the 
difficulties. 

The final limiting factor which I wish to mention is the lethargy 
and the lack of information among the farmers. I mention lethargy 
because we all know that the majority of farmers are slow to use the 
information they actually have. Doubtless the great difficulty, how¬ 
ever, is that fanners haven’t the information which would make pos¬ 
sible’a higher acre jjroduction; or if they have it, they lack the ability 
of organizing their work in order to put this knowledge into i)ractice. 
After all, we may expect too much of them It is quite likely that 
many of us, if placed in their position, W(nild do little better. Farm¬ 
ing is a very comj^licatc^d business and the man who can produce 
large yields economically is the exception. A great deal depends upon 
the native business ability of the individual. 

That yields will gradually increase there can be little doubt, but it 
seems evident that this increase will come slowly. It would be vision¬ 
ary to expect to attain, within any reasonable time, the yields common 
to the better European countries, which for the staple crops stand 
between 40% and 50% above our own. Iffie Committee on Land 
Utilization sets a figure of 10% as the maximum increase to be ex¬ 
pected within the next three or four decades. This, with a slight 
expansion of the cropped area, some minor modifications in the char¬ 
acter of our consumption, and the elimination of imports, excepting 
cotton, will probably take care of the 150 millions of people expected 
by the middle of the century. But to provide for 200 millions, which 
will probably represent our numbers by the end of the century, will 
require an additional yield increase and some further expansion of our 
tillable area. 
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Some time ago, Lrnadc some calculations based on 0 . E. Baker's 
figures of the potential lands in the United States, and arrived at the 
conclusion that, after allowing for the lower efficiency of our marginal 
lands, it would require an increased yield of about one-third on our 
present area of improved land of 500 million acres to provide for 200 
millions of peo])le. It is ver^^ doubtful if such an increase can be ex¬ 
pected, particularly in the light of the probable modification of the 
character of our consumption. Probably the maximum that we can 
expect within the century will be an increase of of our present 
yields. This will, of course cover a somewhat larger acreage of im- 
l^roved land than at j^rcsent, possibly one-fifth more, which would 
make the total production about the same as one-third increase of 
our ])resent area. 

To some pei\sf)ns an increase of 25^'f of our prefsent yields ma\^ seem 
very easy of attainment; to others it may seem impossible, unless a 
very marked change in our standard of living should take place. 
Personally, I think such an increase is ])ossiV)le, by the close of the 
prcvsent century, but by no means easy tf) attain. In considering this 
matter, it would be well to remember that in comparison with the 
countries of Europe and the Orient this country is still very ycung. 
As a consequence, we have the opportunity of influencing, to a very 
considerable degree, the ]iractices of our farmers, and while economic 
considerations are always paramount in controlling changes in ])ro- 
duction, either industrial or agricultural, we should be able to direct, in 
considerable meavsure, the future trend of farm practic'e. We should 
remember, too, that this countiy^ has been unique among the nations 
of the world in the efforts it has put forth to assist the farmer In 
fact, the beginnings were made with the jiassage of the Momll Act, at 
a time when great areas of rich, virgin jirairie remained unoccupied. 
This act has been followed by the Hatch, Adams, Smith-Lever, and 
Smith-Hughes Acts, each providing for some special field of agricul¬ 
tural research, teaching, or extension. In addition, we have seen the 
development of numerous farmers' organizations, many of which 
have jiroved abortive; yet these efforts show that the farmer is at¬ 
tempting more and more to help himself. If we then consider the 
Federal Farm Loan Acts, which are destined to be of great aid to the 
fanner, not only in buying land but in financing better systems of soil 
and crop management, we certainly have reason to be hopeful for the 
future. Moreover, the agronomist should have a great part to play in 
this development. If the farmers were left entirely to their own de¬ 
vices in improving methods, the sons gradually building upon the 
methods of the fathers (as has been the case in the older countries), 
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there is little doubt that f^reat sacrifices would ultimately be required 
in the standard of living. 

It is the opportunity as well as the duty of the eigronomists of the 
country to assist the farmer in meeting his difficulties. Fundamental 
research is needed on a great variety of ])roblcms livery state has a 
different set of conditions to meet. Our e.Ktension men are constantly 
demanding more facts. Even the better farmers are often in advance 
of us, and are asking for information which we do not ha\a^ They 
realize their need of help. While 1 think we all have the utmost 
respect for the prac'tical judgment f)f the American farmer, one cannot 
but be impressed witli the main' ]jroblems which are litwond his 
powers of solution. Tlu‘ ojijiortunities and duties of the extension 
agronomist are, therefore, as great as those of the ex])erimentalist. He 
will be called upon to ]jlay a heroic part in the dissemination of infor¬ 
mation just what form such extension cacti\n‘ties may take, as time 
goes on, cannot be forscen. but it is ct*rtain that, if any consistent in¬ 
crease in jiroduction is attained, the farmers must ])racticall\' all be 
reached and their ])racti('es materially modified While a great deal 
can be done in dealing with the mature larmers, there is little doubt 
that it is in the training of the younger generations as they come on 
that the grc'atest ])rogress will be made Consequent!), the stimula¬ 
tion of interest in agri<’ulture in the schools, and ])articularly the 
develojnnent of s])ecial vocational schools, such as those organized 
under the ^hnith-Hughes Act, will have a jirofound effect uiion the 
altitude, and ultimately upon the methods, of the farmers of the 
future For these schools, as well as for the farmers themselves, the 
agronomists will be called upon to furnish tnistworthy information. 
Wc should therefore ex])ect that the demands U])on us will beccMne 
more exacting as the years go by. 
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THE EFFECT OF ROTATION AND TILLAGE ON FOOT-ROT 
OF WHEAT IN KANSAS, 1920-19241 

M. C. Sewell and L. E. Melchers^ 
INTRODUCTION 

Tillage projects at the agronomy farm of the Kansas agricultural 
experiment station indirectly have thrown some light on how to 
combat foot rot of wheat. This disease® was first reported in Kansas 
in 1920. During the past three years, it has caused considerable 
damage to wheat in the eastern part of the wheat belt of the state. 

Foot rot was first noted in the field plots at the Kansas agricultural 
experiment station in 1921. The disease manifests itself by two more 
or less distinct symptoms. In the plots at the agronomy farm, badly 
stunted plants have occurred in well defined areas throughout the 
fields. In these spots, the plants produced only a few weak culms 
w^hich turned brown and dry before the heads swelled in the boot. 
Figure i illustrates this symptom and Figure 2 shows a bundle of 
normal wheat in contrast. The second symptom is the presence of 
“white head'’ spots several weeks before harvest. The i)lants in these 
spots produce normal sized culms, but the heads turn white and con¬ 
tain, if any, only shriveled grain. A review of the literature on this 
disease has been made by Stevens (2).'* 

FODT ROT OP WHEAT IN RELATION TO ROTATION 

The appearance of foot rot in the tillage and fertility project plots, 
in which wheat has been grown both continuously and in rotation, 
has afforded an excellent opportunity to study the effect both of crop¬ 
ping systems and tillage methods on the disease. 

The wheat seed-bed project at the agronomy farm (i) consists of 
two sections; an area of 15 plots which is croi)ped continuously to 
wheat, and an area in which the wheat is grown in rotation with com 
and oats. The part of this experiment involving the continuously 
cropped wheat plots had to be abandoned in 1923 because foot rot 
decreased the yields to such an extent that they were no longer 
criteria of the effect of tillage on yield. Wheat in the rotation division 
of this project did not show the presence of foot rot, although it ad- 

^Contribution No. 151 Department of Agronomy and No. 220 Department of 
Botany and Plant Pathology, Kansas Agricultural Experiment Station. Received 
for publication October 7, 1924. 

^Assistant in Soils and Plant Pathologist, respectively, Kansas Agricultural 
Experiment Station. 

*H. H. McKinney of the Office of Cereal Investigations, U, S, Department of 
Agriculture, is cooperating in the wheat foot rot studies in Kansas. 

♦Reference by number is to “Literature Cited,’* p. 771, 
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joins the continuous wheat portion and the same implements were 
used in cultivating both fields. 

The fertility project is located at a considerable distance from the 
tillage project. Included in the fertility project there is a series of 12 
plots devoted to continuous wheat culture. Foot rot was present in 
1922 and 1923 on nearly all of these plots, regardless of their fertilizer 
treatment. Where wheat was grown in two different rotations in this 
project there was not a sign of foot rot. The rotations were: alfalfa 
(four years), corn (one year), wheat (two years), in a 16-year rotation; 
and a three-year rotation of com, cowpeas for hay, and wheat. 

During the four consecutive years that foot rot has been in evidence 
at the agronomy farm, it is an outstanding observation that wheat in 
rotation has never shown any infection by foot rot. 

RELATION OF TILLAGE TO FOOT ROT OF WHEAT 

The continuously-cropj)ed portion of the v^hcat seed-bed project 
contains fifteen one-tenth acre plots with eleven different tillage 
treatments The tillage project, consisting of fifty-seven ])lots in 
which nineteen triplicate tillage treatments are included, is an out¬ 
growth of the older wheat seed-bed project. 1'he wheat seed-bed 
treatments and notations as to the prevalence of foot rot are given in 
Table ]. 

Table i .—Tillage treatment of wheat plots, continuously cropped from 


iQio to WJJ, and its relation to the development of foot rot. 


Plot 


First 

Prevalence' of 

no. 

Titik’ and method of treatment 


appearance 

foot rot in 




of foot rot 

•923 

I 

Not plowed; disked at se.eding 


none 

none 

2 

Plowed Sej^t. 15; three inches 


1923 

very slight 

3 

Double disked July 15; plowed Sej)t 

15; sewen 




inches. , 


1922 


4 

Double disked July 15; plowed Aug. 

15; seven 




inches 


1922 

slight 

5 

Plowed Sept. 15; three inches. . 


1923 

very slight 

6 

Listed July 15: ndges worked down . . 


1922 

shglit 

7 

Listed July 15; ridges .split Aug. 15 


1922 

very severe 

8 

Plowed Sept. 15; three inches. 


none • 

none 

9 

Plowed July 15; seven inches 


1921 

very severe 

ti It 

10 

Plowed Aug. 15; seven inches 


1921 

II 

Plowed vSept. 15; three inches . 


none 

none 

12 

Plowed Aug. 15; seyon inches, not worked until 




middle of 5k?pt. 


1921 

very severe 

13 

Plowed Sept. 15; seven inches 


1923 

vcr>' slight 

14 

Plowed Sept. 15; three inches. 


none 

none 

15 

Plowed July 15; three inches . . 


none 

none 


The plots listed in Table i were always seeded to the same strain 
of Turkey wheat drilled crosswise of the series. The plots were sep¬ 
arated by six foot alleys. For the ten year period from ig 10 until foot 
rot appeared in 1921, the treatments giving the highest yields were 
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seven-inch plowing in July and in August. These same treatments 
showed greatest infestation of foot rot. The disease was slight, or 
absent, on all plots plowed late, shallow, or merely disked. Figure 3 
is a graphic comparivson of the amount of foot rot damage in the vari¬ 
ous tillage treatments. The boundary lines of the very small infested 
spots present in plots 2, 3, 4, 5, and 13 in 1023 are indicated by double 
lines. There was no perceptible damage from foot rot on these plots, 
but there were present w^heat plants that were not entirely normal. 

Throughout the series of fifteen plots indicated in Figure 3, those 
which were plowed late, disked, or disked in July and plowed in Sep¬ 
tember, did not show foot rot damage. In addition to this outstand¬ 
ing fact, plot 15, plowed shallow in July, did not show evidence of the 
disease, lliat tillage jilays an important role in the spread or check 
of foot rot as it (K'curs in Kansas is indicated by a comparison of plots 
8, 9, TO, and it in Figure 3. Plots 9 and to, plow''ed respectively in 
July and August, were severely damaged by the disease, yet plots 8 
and II, w^hich were plow^ed shallow in Seiitember and only separated 
from the former by six foot alleys, show^ed ik^ indication of the disease. 

A possible explanation for the foot rot infestation on the plots 
w^hich were plowed early in the summer is that early deep working of 
the soil covers the infected stubble deep enough to prevent its drying 
out. The moisture and temperature relationshi])s of the soil probably 
are important factors in aiding the organisms to retain or lose their 
vitality. ^ 

Additional evidence of the relationship of tillage to the development 
of foot rot was indicated in the continuously-cropped wheat series of 
the fertility project. Spots of foot rot were charted on this series in 
1922 and in 1923. In 1923, cowpeas were planted after harvest, as a 
green manure crop. For this reason all plots were ])lowed late and 
shallow in the fall preparation for the seeding of wheat. In 1924, no 
distinct spots of foot rot could be seen on this series. The plan of the 
experiment calls for cowpeas as green manure every third year. The 
intervening years the plots are plowed early in the summer in prepa¬ 
ration for wheat. 

The extent of the damage by foot rot under certain tillage treat¬ 
ments can be emphasized by citing some of the data on yields. The 
average yielcjs for the July- and August-plowed treatments, during 
the ten years prior to 1921, was 19,9 bushels per acre and for the 
Sqitember-plowed, 12.2 bushels. In 1923, three years after the ap¬ 
pearance of foot rot, the July- and August-plowed treatments av^- 
aged 9.5 bushels per acre, a decline of 10.4 bushels. The September 
plowing gave an average yield of 8.5 bushels in 1923. This is a decline 




Fi(.. 2. Comparative height of normal 

Fig. I. Stunted plants in a typical foot rot spot. ancl diseased plants. 





WHEATS 


























SEWELL AND MELCHERS: FOOT-ROT OF WHEAT 7/1 

of 3.7 bushels below the normal yield for the treatment, a decline that 
must be attributed to the seasonal conditions because there was no 
evidence of foot rot damage. That the conditions for high yields 
were favorable under methods of early summer cultivation is shown 
by the fact that the plot disked in July and ])lowed in September made 
a yield of 28.4 bushels per acre. This plot did not show any foot rot 
damage, but there was some slight indication of infestation. Prior to 
1023, this treatment had only averaged 17.4 bushels per acre com¬ 
pared with ii).g bushels for the July and August plowing. 

Foot rot was not in evidence on the new tillage project until the 
spring of ]g24. The heaviest infestation was on the plots plowed 
seven inches deep in July and in August, but there was also severe 
damage on the plots plowed shallow in July. 

More conclusive evide*nce of the relation of rotation to foot rot can 
be anticijxited in a few years The wdieat seed-bed project, cited in 
this discussion, w^as planted to soybeans in the spring of 1024. After 
cro])}^ing to oat.s, wdieat wdll again be growoi Also, rotation has been 
introduced into the tillag(‘ project 

SUMMARY 

Foot rot of w’heat has been present during the ])eriod rQ2T 1924 in 
the tillage and rotation exj)erinients of the Kansas agricultural ex¬ 
periment station. 

Wheat growm in rotation has not l)een damaged by foot rot Sep¬ 
tember plowing, wdth or without previous disking, did not favor the 
dcvelo]>mcnt of this disease 

Foot rot of tvheat may occur in lields cropped continuously to 
wheat where the best tillage method for w’heat production is prac¬ 
ticed. 

The continuity of long tijiie ex])eriments based on continuous wheat 
culture may be interrupted by foot rot. 
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THE USE OF STANDARD SOILS WITH THE POTASSIUM 
THIOCYANATE TEST FOR ESTIMATING LIME- 
REQUIREMENT OF SOILS^ 

A. F. Gustafson^ 

During the past year, the writer has been using what may be termed 
‘‘standard" or “known" soils in connection with the potassium 
thiocyanate test (3, 4)^'* for estimating the quantity of lime needed per 
acre by red clover and alfalfa, or sweet clover, to enable them to 
make good growth. These standard soils are .soils whose lime-require¬ 
ment has been estimated by several of the common methods and on 
which the field response of clover and alfalfa to liming is known. 

By studying a large number of soils in the field, where the growth 
and condition of crop was noted and where information was secured 
as to when the soil was limed and the kind and quantity of lime aj)- 
plied to the acre, it was possible to work out a dependable correlation 
between the lime-requirement of red clover, or alfalfa, on a given soil 
and the color developed on testing representati\'e sanqiles of that 
soil with the “richorpoor"”* or other potassium thiocyanate solution. 

In attempting to determine the lime-requirement of clover, it is wdl 
to con.sider several factors, (a) The length of the rotation, is imptn*- 
tant; a larger application of lime will be needed for clover in a long 
rotation of seven or eight years than in a short one of three of four 
years, (b) The quantity of manure used per acre and where in the 
rotation it is applied with respect to clover, whether for corn one year 
preceding it, on the new clover seeding or for croj)s following it, 
should be considered, (c) The quantity of acid ])hosphate or other 
fertilizer used on the small grain crop in which the clover is seeded 
needs its share of attention, ^(d) The fineness of limestone, when this 
form is being used, must have due consideration. Limestone, or 
other liming material, corrects the soil condition which for the present 

^Contribution from Department of Agronomy, Cornell University, Ithaca, New 
York. Received for jjublication October 14, 1924. 

^Extension Professor of Soil Technology. 

^Reference by number is to ‘'Literature Cited” page 776. 

^“Richorpoor” is the trade name of a potassium thiocyanate test solution for soil 
acidity. It is a slight modification of the solution suggested by Comber, The 
test is made by placing a few grams of soil in a test tube and adding a few cubic 
centimeters of the solution. (The writer is using a test tube approximately five- 
eighths of an inch in diameter, because of greater convenience in putting in the 
soil and solution, and of the greater facility with which this size may be cleaned 
compared with tubes of smaller diameter.) The tube is shaken vigorously to 
bring the solution into intimate contact with the soil, after which it is allowed to 
settle. If a deep red color develops the soil is considered as having a relatively 
high lime-requirement. A pink color indicates a low lime-requirement and when 
the solution remains colorless the soil is neutral or alkaline. 
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purpose may be called “acidity,” thru an intimate surface relation¬ 
ship with the colloidal matter and the finer particles of the soil. For 
this reason, it is desirable that limestone, or other material, be reason¬ 
ably fine so as to present a large surface for possible interaction with 
the soil material. Limestone screenings, which contain all the mater¬ 
ial passing thru a screen with four meshes to the linear inch, will have 
a large proportion of material with but relatively little surface for 
contact with the soil particles, consequently a much larger application 
per acre of this coarse material than of finer grades must be made to 
secure the desired effect on clover pr alfalfa. 

For alfalfa it is desirable, if not in fact absolutely necessary, to test 
a representative sample of the subsoil, say the stratum from i8 to 24 
inches or more below the .surface, as well as a sample of the surface 
soil. This is because of the fact that one soil may have carbonates in 
the subsoil w^hile another does not. It is obvious that the latter will 
require much larger applications of lime to secure a satisfactoi*}’' 
growth of alfalfa. This difference in the subsoil wn‘11 have much less 
effect on recommendations for red, and especially for alsike, clover, 
the latter tjeing shallow rooted. 

A number of other factors, such as the character of the soil, its 
texture and state of fertility, the possible presence of manganese com¬ 
pounds, and the jn'oportion of active aluminum cornyxmnds, all re¬ 
quire proper consideration. It is assumed, how’cver, that w^hen iron 
is soluble in the test solution aluminum is at the same time in an 
active or detrimental C(mdition, and for all ])ractical puri)oses this is 
probably the case. 

With these conditions and factors in mind, the standard soils arc 
chosen so that one has a high lime-requirement, another a medium, 
and a third a low lime-requirement. For demonstration meetings, a 
fourth soil wdiich is neutral or alkaline and so has no lime-requirement 
may W'cll be added. Unknown! soils, such as samples sent to the col¬ 
lege by farmers or county agents or which farmers may bring to soil 
testing demonstration meetings, may be comi)ared directly wnth the 
“standard” soils The “standard” soils are tested along with each 
soil or grou]! of unknowm soils. All soils in any one examination are 
treated as nearly alike as possible, using the same quantity of soil, 
and the same quantity of solution in each test tiibe, shaking for the 
same length of time, setting up to settle and develop color as nearly 
simultaneously as possible, and allowing all soils to settle for the same 
length of time. Also it is necessary that the soils be of approximately 
the same moisture content. A “sour” soil when wet gives a faint 
color or none at all; when moist it gives a deeper color; andw^henair 
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dry ^ still deeper shade of pink or red develops. It is the writer’s 
experience that unreliable results are likely to be obtained if the soils 
are not practically air-dry when tested with the commercial “rich- 
orpoor” solution. Emerson (5) has proposed a method of obviating 
this difficulty with wet soils. Smith, Bauer, DeTurk and Smith (7), 
as well as Harper and Jacobson (6), have found it unsatisfactory to 
use the “richorpoor” test on wet soils. It is equally essential that soils 
be comparable as to physical composition, at least to the extent of 
eliminating coarse gravel. 

The potassium thiocyanate method of estimating lime-requirement 
of soils, in common with several others, is qualitative in principle, but 
soil workers are attempting to secure quantitative results with it. 
For this reason (2), it is absolutely necessary that all precautions 
which may contribute to uniformity thruout the test be taken. 

Color readings may be made soon after the larger soil particles 
have settled, or when the solution is reasonably clear; but it is prefer¬ 
able to make them after thirty or forty minutes of sedimentation, the 
time depending somewhat on clay content of the soil. Howwer, 
readings may be made after several hours, or on the following morn¬ 
ing, since all samples are being examined under practically identical 
conditions. By comparing the color developed by the unknowns 
directly with that of the standard soils one may estimate the quantity 
of limestone to the acre needed for clover with a reasonable degree of 
accuracy. It does not seem practicable to estimate more closely than 
one-fourth of a ton of finely ground limestone to the acre. 

It has proved intensely interesting in demonstration meetings to 
add a small quantity of quick or hydrated lime to a test tube contain¬ 
ing a soil deficient in lime with red colored solution above it. The red 
color quickly disappears. The lime according to the farmer’s view¬ 
point ‘'neutralizes soil acidity?' and he is therefore deeply interested 
as he is assured that such a test has a practical bearing under his soil 
conditions. 

During recent months a considerable number of sets of these 
'‘standard” soils have been furnished to county agents and Smith- 
Hughes high school agricultural teachers in New York State for use 
in the soil and crops work with their constituents. 

WHY STANDARD SOILS RATHER THAN A COLOR CHART 

In using this method of estimating lime-requirement for clover it 
was noted at the outset that the red coloration which characterizes 
soils deficient in bases becomes deeper on standing. The greatest in¬ 
tensification of color occurs during the first few hours, as might be 
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expected, but the change is appreciable up to thirty-six and even to 
forty-eight hours, or longer. Another factor affecting the color is the 
relationship between the quantity of soil and the quantity of jiotas- 
sium thiocyanate solution used in a ‘*test.*' On testing a soil with a 
marked lime-requirement for clover a quantity of soil, say ten grams, 
is used with ten cubic centimeters of the test solution and a certain 
color develops. vSuppose but one-half as much solution, five cubic 
centimeters, is used with this quantity of soil a much deeper color is 
obtained, while on the other hand, if twice as much, or twenty cubic 
centimeters, of the solution is used with the .same amount of soil a 
much lighter color results. It is obvious that the soluble iron which 
is responsible for the red coloration is much less concentrated when 
twenty cubic centimeters are used than when five cubic centimeters 
of the solution are einployed. Thus using varied quantities of solution 
with the same amount of soil gives markedly different shades of color 
for the same soil. For this reason it is imperative that a definite re¬ 
lationship between quantity of soil and of vSolution be maintained in 
testing a grou]i of soils including the standard soils. It is not necessary 
that this same definite relationship be held for every test when stand¬ 
ard soils are used. This would be absolutely essential, however, 
when a color chart is emjiloyed. 

Differently made solutions of potassium thiocyanate give varied 
colors with the same soil. A solution made by saturating 95 percent 
ethyl alcohol with ])otassium thiocyanate gives a much deeper color 
on testing a “sour" soil than does the “richorpoor" solution,but the soil 
settles more slowly from the alcoholic solution. For this reason the 
same solution should be used thniout a test. 

The use of standard soils has one ver>^ distinct advantage: the lime 
requirement of soils for clover can be estimated at any time after 
settling has occurred, during a period of twenty-four hours. 

The WTiter has seen two color charts; one furnished by the Rich- 
orpoor Company of Urbana, Illinois, the other ])ublished by Bear (1). 
The latter is quite suggestive and is useful as a starting point. To be 
of the greatest service a color chart should be accomiianied by a state¬ 
ment of definite quantity relationship between vSoil and test solution, 
and the length of time which should elapse between shaking soil and 
solution together and making the estimate of lime requirement. 
Furnishing this information has been attempted with Bear’s chart 
just mentioned and, in part, also with the '‘richorjioor" chart. 

Owing to all of these variable factors of which it is difficult to take 
account in a simple color chart, the use of standard soils is proposed. 
It must be borne in mind that there is a ver>^ large personal equation 
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in a test of this sort. The writer’s experience does not indicate that 
this test is likely to be of much value in the hands of farmers or others 
not having some laboratory training. It will probably be necessary 
for each worker to develop standard soils for his own section. This 
will require some time and experience in the field, but it is possible to 
develop a useful correlation between the lime-requirement as esti¬ 
mated by this test and the response of clover and alfalfa to liming in 
the field. 
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A COMMON ERROR IN INTERPRETING FINANCIAL 
RETURNS FROM FERTILIZER EXPERIMENTS^ 

E. L. WORTHEN^ 

Many of the more recently established fertilizer experiments com¬ 
pare various grades of fertilizer on the basis of a single, but imiform, 
rate of api)lication. There has been a tendency to apply equal 
amounts of fertilizer rather than equal quantities of nutrients. The 
idea has been to determine which of several grades of fertilizer will 
return the greatest profit under a given condition. It is obvious that 
in such comparisons the difference in the cost of the fertilizer, will 
vary with the grade applied. In the interpretation of the results, the 
difference in the cost of the treatments is often taken into consider¬ 
ation and proper adjustment attempted in order to determine which 
treatment is the most profitable. 

In connection with agronomy extension work in a number of states, 
field demonstrations or tests have been established to determine 
which of two or more fertilizers will return the greatest profit. Farm- 

^Contribution from the Department of Agronomy, Cornell University, Ithaca, 
New York. Received for publication October 20, 1924. 

^Extension Professor of Soil Technology. 
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ers often desire to know whether they should use acid phosphate or a 
mixed fertilizer. They are not infrequently advised “to try it out;“ 
and, as a result, a demonstration is established, not with the idea of 
demonstrating the superiority of one treatment over the other, but 
rather of testing the two fertilizers in order to find out which is the 
more profitable. In such tests, the practice is to make the same rate 
of application of the acid phosphate as of the mixed fertilizer. 

The writer contends that in all such comparisons, it is not possible 
to make accurate corrections for the difference in the cost of the treat¬ 
ments. There have been two methods followed in the past, both of 
which necessitate assumptions which cannot be justified. In the one 
method (not used extensively at present) the financial returns are 
calculated on the basis of the interest on the investment (i).® In the 
other, which simply consists of deducting the cost of the fertilizer 
from the value of increase, it is assumed that adequate adjustment 
has been made for the difi'erence in the cost of the treatments, and the 
fertilizer giving the largest net return is considered the most profit¬ 
able (2, 3). 


-ABf - AotuMl rttumt from mizod ftrtlUter. 



In order to analyze the two procedures, and to see wherein they 
fail to make an adequate adjustment of cost differences, it is necessary 
t6][refer to the accompanying graph. In the preparation of this, it is 

•Reference by number is to ‘literature Cited,“ page 781. 
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assumed that acid phosphate is compared with a mixed fertilizer. 
The rate of application is 200 pounds and the unit of crop produced— 
say one bushel—is worth one dollar. Acid phosphate is assumed][to 
cost $20.00 and mixed fertilizer $40.00 a ton. It is also assumed that 
the following results are secured: 

Value 

Bushels Value of Cost of of increase 
increase increase fertilizer over cost of 

fertilizer 

200 lbs. acid phosphate. 6 $6. $2. $4. 

200 lbs. mixed fertilizer. 9 $ 9 - $ 4 - $ 5 - 

These increases are represented in the small square in the lower 
left hand comer of the graph. The heavy line A B is based on the net 
returns from mixed fertilizer and the lighter one A C on those from 
acid phosphate. 

By applying each of the two methods available for making correc¬ 
tions in the difference in the cost of the two treatments, the following 
conclusions are reached. According to the first method, an invest¬ 
ment of $2.00 in acid phosphate has, in addition to paying for itself, 
given 200 percent profit on the investment. The mixed fertilizer, on 
the other hand, has returned a profit of $5.00 over and above its cost, 
or only 125 percent on the investment of $4.00. Therefore, acid phos¬ 
phate has returned a greater profit than the mixed fertilizer. Never¬ 
theless, according to the second method, the mixed fertilizer has paid 
for itself and returned $5.00,while the acid i)hosphate gave only $4.00 
over and above Its cost. The additional $2.00 invested in the mixed 
fertilizer has been repaid and a dollar profit secured besides. There¬ 
fore, this additional investment of $2.00 in the mixed fertilizer is 
desirable because in addition to paying back the principle it has earned 
50 percent on the investment. Consequently, the mixed fertilizer is 
more profitable and should be used in preference to acid phosphate 
alone. 

What is really desired to be known is whether or not this $4.00 in¬ 
vestment in mixed fertilizer returned more than the same investment 
would have done in acid phosphate. The writer believes that this 
information cannot be secured with single applications of the mate¬ 
rials compared, unless the cost of the treatments is identical. In ap¬ 
plying either method suggested for determining, under such condi¬ 
tions, the most profitable treatment, one makes one or the other of 
two assumptions, or what is more probable, fails to reason the situ¬ 
ation to a logical and complete conclusion. 

Where the computation is to be based on the interest returns on the 
investment, it must be assumed that each additional unit of fertilizer 
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would give an equal increase to that secured from the first unit ap¬ 
plication. The dotted lines B B'and C C'give, respectively, the as¬ 
sumed increases from additional applications of mixed fertilizer and of 
acid phosphate, on this basis. These lines, as can be plainly seen, 
give the old Liebig curve.^ 

The other method, which is now commonly used in interpreting 
financial returns from soil treatments, is represented by the line C D. 
In this case, the possibility of obtaining paying returns from additional 
acid phosphate is ignored and the impression is commonly given 
that additional units of acid phosphate will give no increase in net 
return above that produced by the rate of application used in the 
experiment. That is, additional units of acid phosphate will simply 
pay for themselves and a net return of $4.00 will be secured from acid 
phosphate irrespective of the rate of application. The line C D then, 
in the case under cemsideration, represents the inferred increase, or 
value of increase, from additional applications of acid phosphate. 

In order to discover wherein these two t\ijes of curves differ from 
actual results, it is necessary" to assume that additional units of acid 
phosphate have been applied and that the increases from the same 
are known. In order to chart a true curv^e for additional units of acid 
phosphate and mixed fertilizer, the following increases which are 
certainly within the realm of expectancy, have been assumed for 
additional treatments. 

Amount of Unit increase or value of increase from 


fertilizer 

acid 

mixed 

pounds 

phosphate 

fertilizer 

200 

6 

9 

400 

II 

17 

600 


24 

800 

17 

30 

1000 

19 

35 

1200 

20 

39 

1400 

20 

40 

1600 

20 

40 


These assumed increases are represented by curve B E for mixed 
fertilizer and C F for acid phosphate. Since expected increases 
would be proportionately less from additional units of material ap¬ 
plied, these figures tend to be in accord with Mitzcherlich’s law of the 
minimum,® and the curves B E and C F to approximate a curve based 
on this law. 

^Liebig’s curve is based on the assumption that each additional unit of fertilizer 
will give an increase equal to that produced by the first unit of application. That 
is, equal increases will be secured from each unit of application until the rate of 
application becomes so great that additional fertilizer is inefifective. 

•Mitscherlick's law of the minimum holds that the increase in crops resulting 
from additional units of an element in the minimtun bears a definite pr^or- 
tion to the decrement from the maximiim. That is, a second unit of fertilizer 
will return less than the first; a third proportionately less than the second, and 
so on until finally the maximum return is secured. 
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In case of mixed fertilizers, curve B E is ascending for the first five 
units of application. Up to 1000 pounds to the acre, this mixed 
fertilizer returns a profit on each additional 200 pound unit applied. 
The sixth unit merely pa^^s for itself; the seventh, while still giving a 
slight increase, is made at a financial loss; while the eighth produces 
no increase whatsoever. In the same way, curve C F represents in¬ 
creases for acid phosphate up to 1200 pounds to the acre, the first four 
units of application all give some profit, the fifth pays for itself, while 
the sixth was a financial loss. Acid phosphate in excess of 1200 
pounds gives no increase. 

The case in question, where 200 pounds of acid phosphate costing 
$2.00 is compared with 200 pounds of mixed fertilizer costing $4.00, 
can now readily be analyzed. The second rate of application of acid 
phosphate gave an increase of $7.00 over its cost as indicated by curve 
A F. The assumed increase,when calculations are made on the basis 
of percentage returns on the investment, is $8.00, as indicated by Lie¬ 
big’s curve. When comparisons are made on the basis of net gain 
secured by subtracting the cost of fertilizer from the value of the in¬ 
crease, the net increase is still considered as $4.00, since the possibility 
of obtaining increases from additional acid phosphate is ignored. This 
is indicated by the line C D. Since the returns secured from an as¬ 
sumed application of 400 pounds of acid phosphate as determined by 
interest on the investment, are greater than those actually secured, it 
is evident that,this method is favorable to acid phosphate, which is 
the cheaper of the two fertilizers. In the same way, the method which 
compares net returns from fertilizer applied favors the more expen¬ 
sive mixed fertilizer, since it assumes a net return of $4.00 from a 400 
pound application of acid phosphate, when in reality it produced 
$7.00 over and above its cost. 

In the case under consideration, acid phosphate is superior to the 
mixed fertilizer, when $4.00 an acre is invested, since it returns $7.00 
profit and the mixed fertilizer only $5.00. For the $4.00 application 
of fertilizer the true figure $7.00 varies less from the Liebig curve than 
it does from the one based on net returns over fertilizer cost, as indi¬ 
cated by line A The same is true for the 600 pound application, 
but not so for the heavier applications. It is obvious that curves C P 
and C D will coincide at some point. In the case under consideration, 
this is at the 1600 potmd application. It is at this point, and this 
point only, that the assumption which is made as to returns from 
additional units of acid phosphate, in the common method of com¬ 
paring financial returns, will apply. Consequently, it is not tmtil 
1600 pounds of acid phosphate have been applied that the assumed 
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net returns of $4.00 from acid phosphate hold true. Since this rate of 
application is in excess of that giving the highest net returns, the 
method applies neither to the 400-pound application under consider¬ 
ation, nor the 8oo-pound application from which the maximum net 
return from acid phosphate has been secured. It applies only to the 
200 and 1600 pound applications. 

Curves B E and C F indicate clearly that acid phosphate gives 
more satisfactory financial returns on the investment up to an appli¬ 
cation of 800 pounds to the acre than does the mixed fertilizer. With 
this 8oo-pound apx)lication, equal returns are secured. When the 
application exceeds 800 pounds, the mixed fertilizer produces better 
financial returns than the acid phosphate. It is perfectly evident 
that this true relation between the financial returns from the acid 
phosphate and mixed fertilizer could not have been determined from 
the results furnished b}" a single 200-pound application of each. 

SUMMARY 

It has V)een shown that the more profitable of two fertiliz¬ 
ers, differing in cost, cannot be ascertained from the results of a 
single comparison of an equal rate of application of the two. 

The method which makes comparisons on the basis of percentage 
return on the investment tends to favor the less expensive of the two 
treatments. 

The common method of interpreting financial returns by comparing 
two single treatments based on net value of crops over the cost of 
fertilizer is generally in favor of the more expensive treatment. Par¬ 
ticularly is this true where the fertilizer applications are small. 
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FALLEN TREES A CAUSE OF HUMMOCK FORMATION^ 

A. F. Gustafson® 

The method of formation of hummocks, sometimes called “bogs,'' 
in peat, muck, or other poorly drained areas, has long been a matter 
of academic interest to the writer. In Illinois, hummocks occur to 
the northward of latitude 41° N. approximately, while very few if 
any occur further south in that state. These formations occur in 
poorly drained places in New York outside of Long Island, in Iowa, 
Indiana and Ohio north of 41° N., and are well developed in Michigan 
and other northern states. The trampling of livestock® in pastures 



Fig. I. These hummocks, 6 to 12 inches high, occur in poorly drained areas in 
northern Illinois. 

has been advanced as a contributing cause. Livestock naturally 
walks in open, unobstructed places. If the stock trampled an area 
uniformly, their weight would tend to pack the soil material evenly 
rather than bring about any unevenness of surface. It appears that 
some obstruction, as a shrub or stump, the presence of a bunch of 

^Contribution from Department of Agronomy, Cornell University, Ithaca» 
New York, Received for publication October 27, 1924, 

“Extension Professor of Soil Technol<^. 

“Mosibr, J. G., and Gustafson, A. F< ^1 Physics and Management, Lippincott 
and Co., Philadelphia, Pa. page 30, 1917. 







GUSTAFSON: HUMMOCK FORMATION 


783 


grass or sedge, a piece of wood or possibly a difference in the consis¬ 
tency of the material under the surface, may help bring about hum¬ 
mock-formation. Freezing and thawing might raise small spots more 
than others, particularly where any sort of coarse material is present 
immediately below the surface. Once unevenness of surface has been 
produced, whatever the cause, the animals will trample between these 
raised spots, even tho but slightly above the general level. When the 
surface material is wet, which it is most of the year, in the natural, un¬ 
drained state of this type of land, it is highly mobile so that the weight 
of the animals will tend to force the raised spots still higher. After 
this has continued for a period of years a condition similar to that 
shown in Figure i is produced. 

After a muck area has been under cultivation and is later reseeded 
and pastured the hummocks reappear. So far as the wTiter is aware, 
there is no certainty that the hummocks would not have been re¬ 
formed without pasturing. In the surface vegetation, certain grasses 
or sedges which grow in dense clumps may establish themselves and 
later give rise to hummocks. It is possible that other causes, such as 
the effect of freezing and thawing, may produce them. 



Pig. 2. Hummocks six to eight inches high in southern Michigan on muck 
cultivated ten years ago. 

The photograph shown in Figure 2 was taken less than one hundred 
feet from the ditch which drains this part of a muck land pasture very 
thoroly. After a period of cultivation, the field was reseeded and has 
been pastured for ten years immediately previous to the taking of this 
picture. 

In 1918, the writer chanced to observe, in the field adjoining the 
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pasture referred to above, a most interesting condition. The area on 
which the photographs from which the following figures were made is 
located about two miles east and somewhat south of the Eaton 
County courthouse at Charlotte, Michigan. Here, there is a distinct 
mode of hummock formation which is best set forth in figures three 
to eight following. 
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outer portion of the upper half of the tree trunk has decayed com¬ 
pletely, and constitutes the peat or muck forming the ridge shown in 
the figure. 

Figure 4 shows a ridge composed of decayed wood, considerable 
pieces of which are visible, notably above the watch. There is on 
question that the material in the ridge, or elongated hummock, 
shown in this figure originated from wood decayed in the place it now 
occupies. 



Fig. 5, An elongated hummock formed from a decayed log. 

In Figure 5, there is shown a regular ridge with some vegetation 
on it. There may be rioted two rather large pieces cjf wood, one be- 



Fig. 6. A hummock formed from a stump. 
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yond the hat, the other beyond the camera case. These, presumably, 
are remnants of the original log from which the imderlying ridge or 
hummock was formed. 

The hummock shown in Figure 6 is made up of decayed wood. The 
part of stump back of watch is in its original position. Numerous hum¬ 
mocks in this field have this origin. 



Fig. 7. A “log** hummock. 

In Figure 7, there is shown what may be termed a “log” hummock. 
Some of the wood from the original log is still present. Several of 
these log hummocks were much longer than this one but unfortunate¬ 
ly the picture of them is not clear enough tobereproclucedsatisfactorily. 



Fig* 8 . Another hummock* 
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In Figure 8, there is shown a different view with more or less 
roimded hummocks in a line. Here may be noted hummocks from a 
log which fell across the other one. These show the same origin as the 
preceding ones. The breaks are probably brought about by animals 
which make paths across these log hummocks. This eventually cuts 
the ‘‘log’’ up into a scries of round or elongated hummocks as shown 
in these figures. 

When a tree is ujirooted by the wind a large quantity of soil ma¬ 
terial is carried up on the roots. This eventually becomes a heap at 
the side of the hole from which it was removed when the tree fell. 
This unevenness of surface may later become a hummock. W"hen the 
tree dies and the trunk falls or whether the tree is uprooted in a storm, 
the log may be over grown by swamp vegetation, which on dying 
helps bring about “log’' ridges or hummocks such as shown in these 
figures. 

From these observations, it ap])ears certain that the presence of 
logs and stumjis has been an im])ortant factor, ])robably along with 
freezing and thawing and the trampling of li\^estock, in the formation 
of the hummocks in this particular field. 

THE INHERITANCE OF GRAIN COLOR IN WHEAT^ 

H. K. Hayes and D. W'. Robertson- 
INTRODUCTION 

The discover}* by Nilsson-Ehle (4),^ that grain color in wheat is 
dependent in some cases on cumulative factors, furnished a founda¬ 
tion for the present view that the inheritance of size characters can be 
explained in the same way as the inheritance of qualitative characters. 
The studies of Nilsson-Ehle, the Howards (3) in India, and Gaines (i) 
in this country have demonstrated the following breeding facts: i. 
F2 segregations of red-grained and w^hite-grained plants in crosses 
between red-grained and white-grained wheats approximate the 
ratios of 3 :j, 15 :i or 63 :i according to the number of factors for grain 
color contained in the red-giained parent. 2. W^'hite-grained segre¬ 
gates are obtained in some crosses between red-grained parental 
varieties. 

yoint contribution from the Minnesota and Colorado experiment stations. 
PuDlished with the approval of the Director as Paper No. 500 of the Journal 
Series of the Minnesota Agricultural Experiment Station, University Farm, St. 
Paul, Minn. Received for publication October 27, 1924. 

*Head of Section of Plant Breeding, Division of Agronomy and Farm Manage¬ 
ment, University Farm, St. Paul, Minn.,and Associate Agronomist, Department 
of Agronomy, Fort Collins, Colo., respectively. 

•Reference by number is to “Literature Cited,” page 789. 
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St;udies in crop genetics lead to a knowledge of the genetic factors 
concerned in the development of characters of particular varieties. 
Such information assists materially in the planning of crop improve¬ 
ment studies. It is of importance therefore to know the number and 
behavior in inheritance of the genetic factors of those varieties which 
are to be used in crosses. The milling trade in the spring wheat sec¬ 
tion desires hard red-grained varieties of high milling quality. Pre¬ 
vious studies by Harrington (2) show that Kitchener contains two 
independently inherited factors for red grain color, and that some 
strains of Red Bobs and Hard Red Calcutta contain two independ¬ 
ently inherited factors for grain color, while others contain only a 
single factor. 

The present note is a contribution to our knowledge of the genetic 
factors for grain color in Marquis, Minturki and Kanred. 

EXPERIMENTAL WORK 

CROSSES BETWEEN MARQUIS AND BOBS 

These studies were carried on at the Minnesota agricultural experi¬ 
ment station. Bobs, a white-grained Australian variety, was crossed 
with Marquis, a red-grained variety, and segregation was studied in 
the Fo generation. The results are presented in Table i. Altho there 
was considerable variation in the degree of color of the red-grained 
segregates, it was impossible by inspection to differentiate between 
plants which were homozygous or heterozygous for grain color. Ac¬ 
cordingly, the red-grained plants were placed in one group. 

Table i .—The expected qnd observed segregation for grain color in the F 2 generation 
of reciprocal crosses between Marquis and Bobs wheats. 

Deviation P. E. 

Cross Observed Total Calculated in in D/P.E. 

Red White Red White numbers numbers 

Marquis X Bobs 263 27 290 271 18 9 2.8 3.2 

Bobs X Marquis 255 18 273 256 17 i 2.7 .3 

Probable errors in numbers were obtained from tables of probable 
errors of Mendelian ratios obtained from the Department of Plant 
Breeding of Cornell University. 

The results in Table i indicate that red color in Marquis wheat is 
the result of two independently inherited factors, either one of which 
alone leads to the production of red color. The strain of Marquis 
may be said to contain the factors R R R^ Rb while Bobs contains the 
factors for,white grain r r r' rb On this hypothesis, the F2 of a cross 
of Marquis x Bobs would approximate a ratio of 15 red-grained plants 
to I white-grained plant. 

A deviation as great as the one found in the Marquis x Bobs cross 
could be expected once in 32.36 times, while in the reciprocal cross of 



HAYES AND ROBERTSON: GRAIN COLOR IN WHEAT 


789 


Bobs X Marquis the observed ratio is very close to the calculated. 
Combining the reciprocal crosses, the deviation from the calculated 
15.1 ratio is 10 and the probable error in numbers is 3.87. A deviation 
as great as this would be expected to occur once in every 12.58 trials. 

CROSSES OF MARQUIS WITH MINTURKI AND ILVNRED 

In 1921, the following? crosses were made at the Colorado agricul¬ 
tural experiment station: No. 27, 28 and 31 were Minturki x Marquis 
and No. 59 was Kanred x AJarquis. Both parents in each of the three 
crosses were red-grained varieties. In the F2 generation, white- 
grained plants were found and the frequency of their occurrence was 
noted (Table 2). 

Table 2.— Comparison of the observed segregation ivith the expected segregation 
when three tndependenlly inherited factors are involved. 

De\ ui- 

Kxpccted lion Prob- 

Cross Cross Obscrvx*d 63:1 from able D Odds 

No. Red White Red Whiti‘ exjiecti'd error 
Alitilurki X Maniuis 27 513 12 5ib.8 8.2 3.8 1.92 1.982.49:1 

Minturki x Marquit> 28 316 7 318.0 5.0 2.0 1.50 1.33 1.7 :i 

Minturki x ^Tarquis 31* 615 13 (>18.2 9.8 3.2 2.10 1.50 2.28:1 

Kanred X Marquis 59 966 12 962.7 15.3 33 2.61 1.261.53:1 

*On close examination the Marquv; parent jiroved to lie Red Fife. 

A ratio like the one obtained could be expected when three inde¬ 
pendently inherited factors for red grain color are involved, either one 
of which alone or in the presence of the other two leads to the ])roduc- 
tion of red color. If it is assumed that Marc[uis has two factors for 
red color R R R^ R^ r^‘ r^^ and Minturki has a different factor r r- 

r^ R^^ R^h the kk generation from a crovss between these varieties 
would approximate a ratio of 63 red-grained plants to 1 white-grained 
plant. 

In conqiaring the observed with the calculated, there appears a 
small deviation. The chances of obtaining such a deviation are 1 in 
3.49 trials for No. 27,1 in 2.7 trials for No. 28, i in 3.28 trials for No. 
31 and I in 2.53 trials for No. 59. 

CONCLUSIONS 

The Marquis wheat strain used in the White Bobs x Marquis cross 
has two independently inherited factors for red grain color. The 
Kanred and Minturki wheats used in crosses at the Colorado agricul¬ 
tural experiment station apparently have a third factor for red grain 
color which is independent in inheritance of the factors for grain color 
found in Marquis. 
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INHIBITION OF BUMPING IN THE DETERMINATION 
OF NITROGEN IN SOIL^ 

P. E. Hance2 

The procedure usually followed in the determination of nitrogen in 
soil is a lengthy operation involving considerable manipulation and 
the employment of a lo-gram sample. 

In the digestion of the soil, with boiling sulphuric acid, bumping 
usually becomes violent and occasionally a container and its contents 
are lost by breaking. This ma}" be avoided by reducing the weight of 
the sample, but, due to a low nitrogen content of most soils, such a 
reduction must be accompanied by greater accuracy in manipulation. 
To avoid the bumping and sputtering, which often results in a broken 
flask or the mechanical introduction of the undistilled liquid into the 
divStillate, when the ammonia is being distilled off, the usual practice 
is to decant the clear digested liquor to a separate distilling flask fol¬ 
lowed by at least three successive washings of the silica residue by 
decantation , In addition to the consumption of time this procedure 
favors the introduction of error. 

By the use of asbestos collars'^ the writer has been able to obviate 
the difficulties cited above in connection with the distillation process 
when the silica residue is present. The accompanying figure shows 
the assembly of a single distilling unit as used in this laboratory. The 
Kjeldahl flask C rests on an asbestos collar D which in turn is support¬ 
ed by a wire gauze. B is a glass condenser inclosing the spray arrestor 
A. When the flame of the Bunsen burner is directed upon the wire 
gauze the heating of the flask is accomplished by the upward passage 
of hot gases through the intervening asbestos collar. In this way 
local superheating is avoided at any point within the flask. Conse- 

^Contribution from Department of Agronomy, Cornell University, Ithaca, 
New York. Received for publication October 31, 1924. 

®LaboratoT^ assistant. 

*The asbestos collars may be prepared by cutting a rectangular strip of asbestos 
board and saturating it with a 20% solution of sodium silicate. While moist the 
board may be easily bent into the shape of a cylinder and fastened with wire 
thru holes punctured in the sides. When dry the collars become rijfid and smooth 
and will stand hard usage and high temperatures without disintegration for 
several years. 
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quently boiling^ takes place evenly and quietly, the silica residue being 
continuously circulated in the swirl of the boiling mixture. The liquid 
contents of the flask may lie concentrated to a very small volume with 



the entire absence of bumjiing or sputtering. It has been found that 
2 grams of nitrogen-free zinc dust added to the distilling flask, just 
following the addition of the syru})y sodium hydroxide, enhances the 
regularity of the boiling 

The accuracy afforded by this jirocedure has made it possible to 
reduce the weight of soil taken for analysis. In this laboratory^ 2.8 
grams are being used. With this quantity of material but little bump¬ 
ing is encountered when the soil is digested with sulfuric acid. 

The modifications here described have been followed successfully 
by the writer in the analysis of several hundred samples of soil accom¬ 
panied with more accurate results obtained in shorter time and with 
less manipulation than was possible with the method as usually fol¬ 
lowed. 
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AGRONOMIC AFFAIRS 

THE WESTERN SOCIETY OF SOIL MANAGEMENT AND 
PLANT NUTRITION 

The Western Society of Soil Management and Plant Nutrition 
held its third annual meeting on June 24 and 25, commencing one 
day in advance of the regular session of the Pacific Division of the 
A. A. A. S. Twenty-five members attended and participated freely 
in the discussion of the papers. 

Four half-day sessions and a business meeting were held and the 
following program was presented: 

Soil Alkali and Soil Acidity 

Replaceable bases in relation to soil acidity and the theory of replaceable bases, 
W. P. Kelley. 

The relation of certain alkali salts to the growth of plants. A. R. Davis and 
D. R. Hoagland. 

Tolerance studies for alkali soils in Idaho. R. E. Neidig and H. P. Magnuson. 

The injurious after-effects of sorghum. J. F. Breazealk. 

The Soil Solution 

Nature and promise of the soil solution. J. S. Burd. 

Secular and seasonal changes in the soil solution. J. S. Burd and J. C. Martin. 

Some physiological aspects of soil solution investigations. D. R. 1T(.)AGLAND. 

Soil .structure and the soil solution. M. D. Thomas. 

Replaceable baseskin relation to the soil solution. W. P. Kelley. 

Plant Ni^trition 

The stimulation effect of Na Cl upon respiration a?id grinvth of wheat, A. R. Davis 
and L. J. Teakle. 

The relation of potassium to the formation of diastase in wheat seedlings. A. R. 
Davis and J. L. Doughty. 

The growth of plants under controlled environments. I—Electric light as a source 
of illumination. A. R. Davis. 

The significance of the temporary depletion of certain essential mineral constituents 
in the soil on plant growth. W. F. Gericke. 

Fertility experiments in Oregon, W. L. Powers. 

The moisture equivalent as influenced by the amount of soil in this determination. 
F. J. Veihmeyer, O. W. Israelsen and J. P. Conrad. 

Capillary potential measurements for the Greenville soil. Chester A. Chambers 
and Willard Gardner. 

Routine testing of alkali soils in the laboratory (demonstration). P. L. Hibbard. 

The soil profile as a basis for soil classification. C. F. Shaw. 

Some chemical effects of sulphuric acid on alkali soils, C. D. Samuels. 

The officers for the ensuing year are: D. R. Hoagland, University 
of California, Berkeley, president; H. P. Magnuson, University of 
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Idaho, Moscow, vice-president; M. D. Thomas, Utah Experiment 
Station, Logan, secretary-treasurer. 

SOME FACTS CONCERNING THE 1924 CROP 

The following statements concerning the conditions under which 
the 1924 crops of the United States were produced, harvested and 
marketed are compiled from several recent reports of the United 
States Department of Agriculture. 

WEATHER 

Contrary tf) the common comment, no single element of the weather 
has been wholly adverse. Combinations of moderately unfavorable 
elements have produced markedly unfavorable total conditions and 
effects in some localities. The jiast season has been quite similar to 
those of 1907 and 1917 in this respect. In the Ohio Valley wet 
weather delayed plantings and from that section eastward many 
crops were much later than usual, but killing frosts hax^e generally 
been con-espondingly later so that no serious damage has resulted. 

COTTON 

'Idle crop has suffered less than usual from bolhweevil attacks, 
v^ome damage was caused by the cotton caterjiillar; the infestation 
though general was light, but because of the lateness of the crop more 
than usual damage was caused. It is reported that there is little 
likelihood of competition from new cotton areas in foreign countries 
in the near future. On the other hand, a decrease of 8.6 percent in 
world mill coiisumiition of cotton for the year ending July 31, 1924 is 
reported and a decrease of 8.4 percent in mill stocks at the close of the 
year, as contrasted with conditions for 1923. Approximately 2,090,- 
000 tons of fertilizer were used on the 1924 cotton crop in the United 
States this year. This is a marked increase over that of any recent 
year. 

WHEAT 

The wheat acreage in 1924 for the northern hemisphere, excluding 
Russia, is estimated at 179,325,000 acres, as compared with 188,157,- 
000 acres for 1923 and 168,966,000 acres as the 1909-1913 pre-war 
average. Russian production is reported to be on the increase, but 
still far short of pre-war figures. It is estimated that the total pro¬ 
duction in these same countries will be 2,700,000,000 bushels, com¬ 
pared with 3,000,000,000 bushels last year. The Canadian wheat 
crop for 1924 is estimated at 40.5 percent less than last year, a reduc¬ 
tion of nearly 200,000,000 bushels. It is further estimated that 
American wheat growers will receive approximately $200,000,000 
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more for their crop this year than kvSt year. Exports of wheat from 
the United ^States during August, 1924, exceed those of the same 
period last year by more than 1,100,000 bushels, a gain of 8 percent. 

Preliminary estimates indicate an increase of 1,000,000 acres in 
plantings in Australia and the Argentine for the next crop. But if no 
more than average returns per acre are received, it is probable that 
the crop available for export will be somewhat less than last year. 

WOULD PRODUCTION OF GRAIN CROP.S 

World production of w^heat for 1924 is estimated to be at least 10 
percent less than in 1923; rye, 16 percent less; and oats, 4 percent less. 
It is too early yet for accurate estimates on the com crop, which is 
generally very late and likely to suffer severe frost injury. 

MINUTES OF THE ANNUAL MEETING 

The seventeenth annual meeting of the American Society of Agnmomy was 
held at the New Ebbitt Hotel, Washington, D. C., on November 10 and ii, 1924. 

Morning wSession, Mond 4 \, November 10 

President M. F. Miller of the University of Missouri, called tlu* meeting to 
order at 9:00 A. m. 

The program consisted of a .symposium on the subject ('*f “Econoinic Relation¬ 
ships of Agronomy” under the leader.ship of Prof. E. ( 1 . Montgomery of tlie 
United States Department of Commerce, Washington, I). C. The following 
papers were given: 

1. “Diminishing Returns in the Application of Agronomic Science to Field 

Practice.” 

What are the Limitations in the Application of Agronomic Science to 

Practice? 

Prof. W. J. Spillman, Bureau of Agricultural Economics, U. S. 1 ). A. 

2. “The Economics of Fertilizer Use in the United States.” 

Present Tendencies in Fertilizer Use and the Bearing on Future Pro¬ 
duction. 

Director S. B. Haskell, Massachusetts Agr. Expt. Station. 

3. “The Economics of Liming.” 

Present Day Tendencies and the Bearing on Future Production. 

Professor J, A. Slipher, Ohio State University. 

4. “The Economic Interpretation of the Results of Fertility Experiments.” 

The Relation Between Gross Increase and Net Ih-ofits, 

Professor E. L. Worthen, Cornell University. 

5. “Changes in Standards of Living to Counterbalance Increasing Popula¬ 

tion.” 

What Changes in Pood Consumption are Possible Without Materially 

Lowering l^esent Day Standards? 

Professor E. G. Montgomery, Bureau of Foreign and Domestic 

Commerce. 

At the conclusion of the program President Miller announced the following 
committees: Nominating^ S. B. Haskell, C. R. Ball, and L. E. Call; Auditing, 
M. J. Punchess and C. E. Helm; Resolutions, C. E. Leighty, and E. Truog. 
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Afternoon' Session, Monday, November io. 

The meeting was called to order at 2:00 p. m by l^resident Miller and the 
program on “Agronomic Observations in Foreign Lands” was given as follows: 

T. “Varieties of Indian Corn in South America.” 

Prof. F. D Richey, Bureau of Plant Industry, U. S. D. A. 

2 . “The Great Soil Groups of Brazil and Argentina and Their Possible 

Agronomic Values.” 

Dr. C. F. Marbut, Bureau of Soils, U. S D. A. 

3. “The reflecting of Cereal Varieties in Africa and Asia.” 

Dr. Harry V. Harlan, Bureau of Plant Irulustr}’', U. S D. A. 

4. “The licology of the Grassland of the Bombay Deccan.” 

Prof. L. B. Kulkarni, College of Agriculture, Poona, India. 

Kvknikc. Session, Mondays, November to. 

The annual dinn(T and business meeting of the Society was held at 7:00 r. M. 
in the New Rbbitt Hotel. 

The presidential ad<lrcss on the subject “Agronomic Science ami Increased 
Production” was deliven'd by Prof M. F. Miller (vSee jip. 757-767) 

Dr. R. W. ThatcluT, Editor, then read his report, which upon motion was 
adopted. The n'port follows: 

Repoki of the Edipor 

I think that the membership of the Societ\ will generalh agree that the 
Journal has this year bei'ii bigger and btfter in nearly every way than it has 
ever been before. Volumf‘ 16 (for 1924) will contain approximately 830 pagas. 
This IS an increase of 54% over the number of pages in Volume 15, which, in turn, 
contained an mcn'ase of ovt'r 50% over the number of pages m the volume of the 
preceding year, or a total increase in pages published of ovct 130% in the two 
years since the increase in duos and the admission of ])aul advertising in the 
JoURNAi. went into edtHa The transfer of the contract for iinblishing the 
Journal to a new firm, beginning with iht' first number of Volume 16, has 
resulted in some additional savings in the cost of printing and distribution, with 
no loss, and perhaps a slight gain, in the quality of the mechanical work on it. 
Further, it was possible this year to follow out the plan, for which a desire had 
been frequently cxjiresscd, of publishing the various pajicrs of the sevtM'al symposia 
each complete in a single issue of the Journal. These issues constitute ver>^ 
comprehensive and generally satisfactory surveys, or reviews, of the current 
knowledge and present status of the problems which were discussed in th(‘ 
respective symposia. The practice of devoting alternate issues to lh(‘ publication 
of contributed papers and symposia papers, respectively, has resulted in some 
delay in the appearance of the latter, but has seemed to be a procedure which was 
generally fair to the authors of the two kinds of papers. 

The total expense for printing the first ten issues of Volume 16 and the reprints 
of articles appearing in them has been $3667.11. For the extra reprints sold to 
authors, there was received $ 45 «. 95 - Advertising in these issues brought an 
income of $680.55. Hence, the net cost to the Society of these ten issues was 
$2527.61, or an average of $252.76 per issue, as contrasted wuth $186. jier issue 
last year. But these ten issues contained a total of 688 pages instead of the 432 
pages in the corresponding issues last year, so that the net cost per page issued 
this year was only $3.67, as contrasted with $4.30 per page last year. This de¬ 
creased cost is partly due to the relatively less cost of handling the larger issues, 
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partly to a somewhat more favorable contract with the publisher than we had 
before, and partly to savings in transportation costs, etc., by having the Journal 
printed and distributed from the same city in which the editorial office is located. 

The editor freely acknowledges the many editorial sins, both of omission and 
of commission, which have occurred during the year. He is as fully cognizant of 
these as are the members of the vSocicty, some of whom have called these matters 
to his attention, while doubtless many others might have done so. He offers, not 
as a justification hut as an excuse, the x>^cssurc under which the editorial work 
must be done in addition to his regular professional duties. This is a difficulty 
from which this Society, in common with many others which must depend upon 
voluntary^ unpaid editorial service for their Journals, suffers. If the editorial 
w^ork of the Journal of this Society continues to increase, it will soon be beyond 
the ability of an\' single voluntary editor to take care of it. The present editor 
now wishes to express his keen appreciation of the generally kindly way in which 
members of the Society have accepted his .sometimes rather drastic editorial 
treatment of their manuscripts in the* prejiaration of them for printing in the 
Journal. This is never done in any spirit of criticism, or from personal prc'f erence, 
but always solely for the purpose of preserving the standards of form, diction, etc, 
which havi-' been establisluxl by former editors. 

During the year which ended October 31, 1924, the editor receiv’cd a total of 138 
manuscniits of articles of all kinds. As compared \snth th(' total of 71 which were 
receiv^ed during the same period last year, this is an increase of 95%. This in- 
cr(‘ase seems to indicate that the members of the vSociety are anxious to make 
use of the faedities for fairly prompt publication which the Journal now offers. 

The 138 manuscripts whi('li were received included 42 jiapers which had been 
read as part of the several symposia at the different meetings of the vSocicty, 4 
committee reports, 12 book reviews, and 80 contributed articles. Of these, 120 
wall have appeared in the Jouknai. when the No\'embcr issue comes from the 
press, 12 have* bec’ii returned to their authors for one n'asoii or another, and 6 
remain on hand for later publication, probabty in the December issue. Contributed 
articles have generally appeared in the Journal watliin not to exceed four months 
from the dale of their receipt liy the editor. Symposia papers have necessarily 
been a little longer delayed in some cases, since these all accumulate at practically 
the same time early in the year. In general, it may be said, however, that the 
Journal is now offering about as ,irompt publication of material as it is possible 
for any scientific publication to do, even under the most favorable circumstances. 

It may be of interest to the members of the Society to note the institutional 
origin of these papers. Except in the case of certain invitation papers at sym¬ 
posia, articles which were published in the Journal came almost wholly from 
members of the Society. The practice of accepting papers only from members 
has been deviated from only three or four ’times during the year, and then only 
for some very good reason. The institutional connection of the authors of the 
papers which have appeared in the Journal this year is as follows: 

University of California. 3 N. Y. State Agric. Expt. Station. . S 

Colorado Agricultural College. . . i North Carolina A. & M. College... 2 

Connecticut Agricultural College, i North Dakota Agric. College. 3 

Georgia A. & M. College. i Ohio Agric. Expt. Station. 3 

University of Illinois. 7 Ohio State University. 5 

Purdue University. 2 Oklahoma A. & M. College. 4 

Iowa State College. 4 Oregon Agricultural College. 2 
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Kansas Aj^ricultural College 
University of Kentucky 
University of Mar\'l£Ln( 3 . . . 

Massachusetts Agric. College 
Michigan Agricultural C^ollege 
University of Minnesota 
University of Alissouri 
University of Nebraska 
Rutgers College 
Columbia University 
Cornell University 

Man> institutions at which agronomic work is m active jinigress are not nu'luded 
in the above list, and it is probable that asinterest inthejoi RVALgrowsandknowl- 
odge of the imblication faiMlitu's which it offers becomes brtter disseminated, there 
will be an increasing number of papers ofTered Just at pn'sent, howc’ver, the vol¬ 
ume of material ofTi'red is about as great as could be handled with the funds 
whieli are available from the membership elucs, subhiri])tious, and advertising 
income* It is jiroliabK*, however, that the* income mav grow abeiut as fast as the 
fiitiire* otTenngs of material for tmblication mcre'ase. 


5 

2 

1 

2 
3 
5 

3 
2 

4 

J 

19 


Rhode Island Agnc. College 
University of Tennessee .... 
Texas A. & M. College 
Utah Agricultural Ceil lege 
Virginia Polytechnic Institute. 
Unive^rsity of West Virginia 
University eif Wisconsin. . . . 

U. S l)e'])artmcnt of Agriculture 
("anadian Institutions 
Cornnicre-ial Companies . 


2 

2 

1 

3 

4 

2 

5 
23 

I 

6 


The mcomo from advertising this year has neit l)ee*n as large* as was hoped feir 
at the outset Howe've*!, it lia^ jiaid the salar\ eil the assistant erhtor and aelve-rtis- 
ing manager and iiesarU $500 m ad<htion, at verv slight aelditional e‘\])e*nse for 
]mblie*atie)n, anel, sei far as the* e*ehtor evm iiidge, has in no way de'tracled from the 
ap])e'arane:e‘ or usefulnt*ss eif the Jocks u.. v^'^'S'eral annu.il cr>utracts are now in 
feiree and it st‘e*ms proliable that, with the l)'‘ginning of a ni'W calenelar year, 
others may be ses'ured. It is, therefere, reeomme*neie*el that the ])re*sent plan be 
ce^ntiniie'd, both as tei the* eMiiplenment of an assistant e*elitor and ad\ertising 
manager anel to the admission ot aeUertismg in the Jen rnm,. 

It would a])pe*ar tliat the Jen kwl lias reaelurl a fairK stable* c'onehtion. The 
incre*asing mimbe^r of subseriptions freim libraru‘s, esspcrialh those of lorcngn 
eountnes, indicates that it is nenv generallv revognize'el as one eif the* standard 
scientitie publications of the* worlel, and will ])re‘»babh have* a steaeiily growing 
subseTiptifin list The meinbershi]) of the Soeiet\ wall undoub’tcdly fluctuate from 
time to time, de*])ending U]iein the activity of the utllcers in pressing new^ member¬ 
ship eiimpaigns. It wanilei s(*e'm, howx'V'er, that the suitable material and the 
income* w’hich will preibably be* available will make it po.ssible to print a rc'gular 
volume of twelve issues in a total of 800 to i(X)0 jiages eacli year writhout any 
marked change in policy. 

Howevc*r, several suggestions for improvement in the JeiURNAL have come to 
the editor’s attention, and he now^ vemtiircs to call them to the* attention of the 
Society, not as definite recommendations but as matters wdiich may possibly be of 
interest and perhaps needing attention. 

The first of these is the proposal to unite the Journal of this Society with other 
journals wdiich are now being issued which deal wdth matters fidling in the 
general field of agronomy. This would theoretically be very desirable, and it is 
possible that some practicable plan to bring it about could be worked out. The 
proposaLs which have thus far come to the editor’s attention, however, have 
seemed to him to offer advantage chiefly to the other journals concerned and to 
add little to the possibilities of our own. But it may be that a plan could be 
perfected which would be of real economy and usefulness to the members of this 




798 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

Society, by decreasing the number of journals to which they would need to 
subscribe in order to keej) abreast with agronomic literature. But, thus far, no 
definite ])roposal which would insure this desired result has come to the editor's 
attention. 

The second is that our Journal should become the avenue of publication of 
papers for other associations or societies in the general agronomic field. This 
seems to the editor to be highly desirable from every standpoint and to offer no 
serious difficulties so far as the editorial aspects of the matter are concerned. 
The problem here is that of correlation of vSociety efforts and membership adjust¬ 
ments. These are matters which properly come within the jurisdiction of the 
Executive Committee for consideration and settlement. 

A third possibility is that of introducing an abstract department in the Journal. 
It would seem that such a feature might render a very real service to the readers 
of the Journal, unless this need is already adequately met by the several agrono¬ 
mic sei'tions of the Experiment Station Record, which is available to a large 
proportion of the members of this Society. It is possible that if an abstract de¬ 
partment were maintained in the Journal, somwhat mere complete and detailed 
abstracts could be made than are possible in the Experiment Station Record. 
But to undertake such a department would involve fin addition to financial 
considerations) the creation of a corps of abstract editors, the establishment of 
an exchange list of journals, and perhaps other details which would n<*ed to be 
carefully considered before the venture were undertaken. In view of these facts, 
it IS the judgment of the present editor that the matter of an abstrac't service in 
the Journal may well be postponed for future consideration, but he has felt that 
it would be wise to call attention to it at the present time. 

Fourth, several members oi the Society have expressed the wish that more' 
material which deals with the different phases of e'xtension w’ork in agronomy 
might appear in the Journal. With this wish the present editoris wholly syinjia- 
thetic, since it is his belief that the Journal should serve all types of professional 
workers in the agronomic field. The only thing that he can do, however, is to 
point out that the pages of the Journal are now open to such material, and it is 
necessary only that suitable articles be prepared and submitted by extension 
agronomists in order to secure the desired result. 

In conclusion, the editor wishes to expre.ss his hearty appreciation of the active 
cooperation of many members of th^ Society in strengthening the quality of the 
material which has become available to the Journal in recent years. He wishes 
also to voice his grateful recognition of the very prompt and efficient services of the 
Secretary-Treasurer, Dr. Browm, whereby the business matters of the Journal 
are kept in such a highly satisfactory condition. 

R. W. Thatcher, Editor. 

The report of the Treasurer was read and upon motion was received and referred 
to the Auditing Committee. 

Report of the Treasurer 

♦ 

I beg to submit herewith the report of the Treasurer for the year November i, 


1923—November i, 1924: 

Balance, last report, general fund. $1,002.34 

Balance, last report, lime association fimd. 147,20 

Total balance, last report... $ 1 , 149.54 
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Receipts 

Dues, 1924. 

Dues, 1924, ucw 
Dues, 1923 ... 

Dues, 1925 . . 

Subscriptions, 1924. 

Subscritpions, 1924, new 
Subscriptions, 1922 and 1923 
Subscriptions, 1925 
Advertising income 
Reprints sold . . 

Journals sold. 

Total receipts . . , ?5,475-09 

#6,624 63 


#4,854.24 

3cx:>.oo 

108.25 
95 00 
40.64 

80.25 


Total disbursomfMit.s J?»5,37l^*96 


Balance on band 

$1,245.67 

Balance—Lime As.soc, Fund 

$ 147.20 

Balance—General Fund . 

$1,098.47 

Total balance on hand 

#1,245.67 

Total Income 

$6,624.63 

Disbursements 

$5,378.96 


Balance. . St ,245.67 

Respet'tfully submitted, 

P. E. Brown, Treaburer. 

Audited, November 10, 1924 
M. J. Fcnchess, 

C. A. Helm, 

Auditing Committee, 

The Secretary then presented his report which was adopted. The report follows; 
Report of the Secretary 

I beg to submit herewith the annual report of the Secretary. 

Membership ,—There has been an increase in the membership in the Society 
during the year, which tho small, is nevertheless encouraging. The changes in 
the membership are shown in the following figures: 


Total income, 1924 

DlSBl'RSEMEXTS 

Printing the Journal —rcjirints, etc. 

(13 issues, Oct. 1923—October 1924, incl.) 
Salary Bus. Mgr. 8 c Asst Editor 
Miscellaneous printing 

(Letterheads, envelopes, jirogranis, etc.) 
Stamps (secretary and editor) 

Freight, express and drayage 
Miscellaneous it(*ms 

(Refunds, returned checks, badges, etc.) 


#2,364.45 

410.05 

18.50 
64.00 

641.13 

147.15 

236.00 

20.50 
862.91 
434.60 
275.80 
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Membership, last report. 561 

New members. 81 

Reinstatements. 8 

Total increase. 89 

Resignations, 1924. 20 

Deaths. 2 

Dropped, 1924 . 51 

Total decrease. 73 

Net increase. 16 16 

Present membership. 577 


Comparing these figures with those presented last year, it will be noted that 
there was a decrease this year of only 73 as against 227 last year. Fifty-one 
were dropi)cd for non-payment of dues, as compared with 182 last year. Eighty- 
one new members w'cre added this year, as against 76 last year. The net incn^ase 
in membership this year was 16 compared wnth a decrease last year of 82. 

It seems evident that the Society is on a good sound basis and it is very en¬ 
couraging to note the large number of new' members and the small number of 
members dropped for non-payment of dues or lack of address. Probably such a 
shifting membership i.s to be expected in any organization of as large a total 
membership. The support of all the members is constantly needed in order that 
there may be a goodly increast'in members each year and a minimum m members 
dropped 

Representatives of the Society at tlie various colleges and experiment stations 
have given invaluable help during the year and it is due to their aid that the 
membership figures are so encouraging. I w'ould recommend that the vSociety 
formally express its appreciation of the loyal support of all those members who 
have taken time to secure miw members and to induce old members to remain 
in good standing. 


The list of membership by states is as follows: 


Alabama. 

. 3 

Kentucky. 

. 6 

North Dakota. . 

. .. 8 

Alaska. 

I 

Louisiana. 

. 3 

Ohio. 

...31 

Arizona . 

% 

Maine . 

2 

Oklahoma. 

... 3 

Arkansas. 

. 8 

Maryland ....... 

. II 

Oregon . 

... 7 

California. 

. 20 

Massachusetts .... 

• 4 

Pennsylvania. .: 

...13 

Colorado. 

• 5 

Michigan. 

. 10 

Rhode Island. .. 

... 2 

Connecticut. 

. 8 

Minnesota. 

. 20 

South Carolina.. 

.. . 6 

Delaware. 

• 4 

Mississippi. 

• 4 

South Dakota... 

... 8 

Dist. of Columbia.. . 

• 51 

Missouri. 

17 

Tennessee. 

. •. 5 

Florida. 

. 4 

Montana. 

. 6 

Texas. 

...17 

Georgia. . . .*. 

. 6 

Nebraska. 

. 12 

Utah. 

... 5 

Idaho. 

• 4 

New Hampshire.. . 

2 

Vermont. 

... I 

Illinois. 

. 26 

New Jersey. 

. 6 

Virginia. 

... 6 

Indiana. 

. 16 

New Mexico. 

• 4 

Washington.... 

... 8 

Iowa. 

• 37 

New York. 

. 38 

West Virginia.. . 

6 

Kansas. 

. 25 

North Carolina... 

• 4 

Wisconsin. 

... 16 
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Wyoming. 

Africa. 

Australia. 

Brazil. 

British West Indies. 

Canada. 

China. 

Cuba. 


3 Denmark. i 

2 England.11 

I i^gypt. I 

4 Haiti. i 

1 Hawaii. 4 

17 India .... i 

T) Japan. 7 

2 Mexico .... 2 

Total. 


Philippine Islands. . 2 

Porto Rico. I 

Russia. 2 

South America. . 2 

Spain.... . I 

Sweden ... 2 

Turkey . . .. 2 


. . 577 


In several of these states, while the figures are small, there is a 100% member¬ 
ship. In oth(*rs, there are many agronomists who are not member.s. Undoubtedly 
during the coming years, a larger jierccntagc of agronomists everywlu're will be 
induced to afhliate thcmiselves with their special technical society. 

Subscriptions ,—Tlierc has been a considerable increase during tlic >ear in sub¬ 
scriptions. Thirt y-two new subscriptions have been secured and the tot al numl )cr 
of subscrijitions is now 194, comjiared with 171 reported last year, a net increase of 
28 . Several of the subscript 10ns are for more than one copy of the Joi'KNAL. If each 
is listed separately, the total would be 202. A comparative figure to this was not 
given last year. Twenty-niiui were dropped but thru the elTorts of the Editor, 
the IVcsidi'iit and th(* Secretary, with the aid of the local society r(‘i)resentatives, 
20 of this number were rein stated and a large a mount of arrearage in subscriptions 
was collected, as shown m the Treasurer’s report. 

-The Tr(‘asurer’s report shows the sound financial condition of the 
vSociety at the pr(‘sent time. The total collections for dues has amounted to 
$2,857.00. The total income from subscriptions was $1,044.28. The remainder 
of the income has com(' from advertising, the sale of reprints and th(‘ sale of back 
numbers of the Journ \l. 

Thirteen issue's of tlu' Joitrnxl have been juiblished and paid for and the 
balance on hand of over $1200 is much more than suHicient to handle the cost 
of the two remaining issues for 1924. 

The advertising income amounted to $862.91 and there is still a considerable 
amount which will be collected. The Editor and Business Manager have been 
most sucees.sful in .sc’euring adveitising and lh(‘ income from this source is of 
much hel]) in keejiing the finances of the Society sound. 

The cost per issue for the Journal .should be calculated on the Editor’s figures 
which include some bills outstanding. His figures for advertising income and 
reprint .sale will be different than those given in the Treasurer’s report. He has 
calculated the cost per issue at $252.76. The figure from actual income to date 
is $296. 

There arc a few outstanding dues to be collected, all from foreign members. 
Practically all of these will be secured. More tune is allowed for these members, 
but all accounts will be c'losed before the end of tht‘ year. Several statements 
have been sent out to members before any tvere dropped and this practice has 
aided materially in keeping such a large number in good standing. 

The expenditure for stamps will indicate the amount of mail sent out from the 
Secretary’s office and from the Editor’s office. A considerable portion of this 
total should be charged against the receipts from the sale of Journai.s but at 
least three-fourths may be estimated as utilized for letters, bills, receipts, and 
notices. No attempt has been made to estimate the amount of corres})ondence 
from the Secretary's office but it is certainly very large. 



















8o2 


JOURNAL OP THE AMERICAN SOCIETY OP AGRONOMY 


Journals Sold .—Many requests for back numbers of the Journal have been 
met during the year and the income from this source amounted to $275.80. 
Several sets have been sold complete except for Volume 8, only one number of 
which is still available. The number of the early volumes of the Journal is 
becoming small and very soon many will be out of print. Following previous 
custom, members have been supplied with the back numbers of the Journal at 
reduced prices; while agencies have been allowed the usual 10% discount. 

Meetings .—Reports of the meetings of the Society during the year have been 
given and no complete rejjort need be made here. 

The winter meeting was held with the A. A. A. S. at Cincinnati on December 28, 
1923, and the program consisted of symposium on ''Research on Crop Plants 
Fundamental to Economic Problems” arranged by Dr. C. R. Ball. The meeting 
was a most enjoyable and successful one in every way. 

The summer meeting of the Corn Belt Section of the Society was held at the 
Iowa State College in August. There was a large attendance. The program 
consisted mainly of an inspection and study of the experimental work in 
farm CTops and soils which is being carried out by the Iowa Agricultural 
Experiment Station. The next summer meeting will be held at the Michigan 
Agricultural College. 

The Western Agronomists met at Laramie, Wyoming, and t heir meeting proved 
most succe.ssful. A report of the program followed at that meeting has been 
published. 

The annual meeting was announced to all members by a post card and the 
program has been distrilmted to the entire membership. Dr. R. A. Oakley of 
the Bureau of Plant Industry has had charge of the arrangements and the Society 
is much indebted to him for taking care of loc'al arrangements. 

The Society is sponsoring the program to be given at the International Hay 
and Grain Show m Chicago. The arrangements for this meeting art‘ being taken 
care of by Prof. A. J. Ogaard. 

No separate vnuter meeting will be held this ye,ar with the A. A, A. S., but a 
joint program with Section O of that Association is being arranged for the after¬ 
noon of Wednesday, December 31, at Washington, to be followed by a joint dinner 
with Section O and with the other agricultural societies affiliated with the Associ¬ 
ation. 

Appointments .—The Committee,appointments made by President Miller have 
been announced. In addition to these Prof. L. E. Call was appointed to the 
Couticil of the A. A. A. S. as the Society is now entitled to two representatives. 
Special sub-committees on the registration of oats, barley and wheat were 
also appointed. Dr. C. R. Ball was appointed as our representative on a joint 
committee with the phytopathologists on the Terminolgoy of the Physiologic 
Entities in Fungi. 

In conclusion I wish to express my apppreciation of the hearty support given 
me by the officers and members of the Society. I am particularly indebted to 
President Miller and Editor Thatcher. 

* Respectfully submitted, 

P. E. Brown, Secretary. 

Dr. C. V. Piper presented the following report of the Committee on Term¬ 
inology: 

Your Committee on Terminology b^s leave to report that it has now assembled 
a very extensive list of agronomic terms. It hopes during the coming year to 
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present tentative reports upon many groups of terms and make recommendations 
as to their use or avoidance. Four papers are in the possession of the Committee, 
but it has not been deemed wise to publish them until the assembling of all 
terms in each of the many categories has been completed. Your Committee begs 
further indulgence and hopes that the progress it will make during the coming 
year will justify the long-sustained patience of the Society. 

C. V. Piper, Chatrman C. R. Ball H. L. Shant/ 
Prof. E. F. Games presented the report of the CommitU'e on Varietal Standard¬ 
ization which upon motion was adopted. The report follows: 

Report of Varietal Standardization Committee. 

In an effort to assist in the standardization of crop varieties your committee 
has in previous rcjjorts advised the adoption of a uniform plan for the registration 
of varieties of wheat, oats and barley on the basis of actual performance test in 
replicated trials which havt' been (‘onducted for a senes of years. A special 
committee has devised a plan of procedure which has been adopted by your 
Society. Three committees of three each for the registration of th(‘three crops 
have been appointed and th(‘ Office of (Aureal Investigations has agreed to under¬ 
take the duties of caring for the register and the ne('essary identitication speci¬ 
mens. The committee on variOal standardization wishes to affirm its belief in 
regivStration as a means of furnishing a list of standard varieties and strains and 
thereby making available to all agronomists the names t)f varieties of cs]iecial 
value for particular regions II wislies to urge the desirability of getting the 
actual work of registration under way. Before new varieties can Ix' registered it 
IS necessary that the standard varieties be listed. May not have the su]iport 
of all agronomists in this important undertaking^ 

After having established a satisfactory scheme of registration for the small 
grain crops your committee i\ill then be in a jiosition to jiromote the registration 
(‘H the basis of merit of other crop plants. 

It apjiears certain to your committee that registration will l>e an important aid 
to varietal standardization for by the plan adopted special strains of known liigh 
Iicrformanec ability will be registeied and will then naturally be adopted as the 
standard for particular varu'tal trials There are cases, however, when particular 
varieties or strains of crops will be used in important research studies where the 
strains in c^uestion will not iicces.sanl> have been registered. There is a necessity 
for a better method of identification of such material. As a further means of 
varietal standardization it is urged that all agronomists describe with care the 
varieties or strains used in each jiartieular study and identify such material by 
means of some identification number commonly understood by all agronomists. 
For cereal crops the use of a correct C.l. number would be of value In cases where 
CJ. numbers are used as a means of identification for c'ommcrcial non-pedigreed 
varieties it is further desirable that pure line identification numbers be used. A 
careful description of the variety used with a statement of its jicdigree is almost 
necessary to a correct understanding of the behavior of this variety. 

As an aid to identifying varieties in publications we recommend in addition to 
State numbers the C.t. numbers when available. 

H. K. Hayes, Chairman, A. B- Conner, 

J. H. Parker, R. G. Wiggans, 

R. J, Garber, ]. A. Clark, 

E. F. Gaines, H. S. Hastings. 

Geo. Stewart, 
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The report of the Committee on Standardization of Field Experiments was 
given by Prof. C. A. Mooers and was adopted, it being understood the reprints 
of the report with the additional bibliography would be printed for distribution 
by the Secretary with the report submitted one year ago. The report follows: 

Report of Committee on the Standardization of Field Experiments. 

Your committee desires to report that in their judgment no changes in the 
standards adopted last year should be made at this time. It seems wise to give 
them a thorough trial before suggesting any specific changes. 

However, there are a number of problems of considerable importance which 
are not considered in the standards, or concerning which very little experimental 
data are available. It seems worth while to call attention to some of these, in 
order to stimulate the assembling and publication of data that may have accumu¬ 
lated at various institutions and to encourage further experimental work. The 
committee believes that the following problems are especially worthy of considera¬ 
tion. 

1. The imj^ortance of competition. The fact that competition may be an 
important factor has been clearly demonstrated. To eliminate it, however, re¬ 
quires extra land and, in some cases, involves much extra expense. It is believed 
that in some cases its cflfcct may be made of very little importance by grouping 
varieties and strains according to time of maturity, habits of growth, etc This 
possibility seems worth investigating. 

2. Additional experimental data should be secured pertaining to the effect of 
replication in reducing experimental error, taking into consideration the extra 
land required and the greater ojiportunity for soil variation. 

3. The relative accuracy of diflPorent methods of planting small grain nurseries, 
including a comparivson of (a) single row and multiple row plots and (b) hand 
planting versus machine planting. 

4. Economical methods of testing the large numbers of strains (seifs and hybrids) 
of corn so necessary in modt'rn methods of breeding this cereal. This jiroblem 
relates especially to the minimum .size of jilot or length of row and the importaiu'C 
of competition. 

5. The place of j^ot and tanlc exj)crimcnts (in the open and in greenhouses) 
in agronomic experimentation and their relation to field experiments. 

6. Sources of error in pot and tank experiments. 

The committee wishes to express* its obligations to Professor L. J. Stadler for 
nearly all of the very complete list of references appended to this rejiort. Pro¬ 
fessor' Stadler has made an exhaustive search of the literature and has found some- 
old and very interesting papers to be added to the previously published list. 

The committee recommends that the entire bibliography relating to the 
standardization of field experiments and the standards adopted at the last 
annual meeting be published as a reprint of the J ournal for the benefit of those 
especially interested. 

Pfeiffer, T. Die Bedeutung der Wahrscheinlichkeitslehre fur die Landwirtschaft, 
dargelegt an der Hand von Sortenenbauversuchen. In Fuhlings Landw. 

2tg. §9:569- 1910* 

Pfeiffer, T. Die Anwendung der Wahrscheinlichkeitslehre auf Fragen der 
Land wirtschaft. In Fuhlings Landw. Ztg., 67:297-303. 1918. 

Remy, T., and Samel, P. Die Bedeutung der Wahrscheinlichkeitslehre fur die 
Landwirtschaft, dargelegt an der Hand von Sortenanbauversuchen mit 
Zuckerruben. In Blat. fur Zuckerrubenbau, 18:4i~45; 56-61 and 69-74. 
1911. 
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Richey, P. D. Adjusting yields to their regression on a moving average as a 
means of correcting for soil heterogeneity. In Jour. Agr. Res. 27:79-90. 

1924* 

Rode WALD, H. Zur Anwendbarkeit der Methocle der kleinsten Quadrate. In 
Fiihlings Landw. Ztg. 67:303-312. 1918. 

Rodewald, H. and Quante, H. Die Hafcranbauversuche dcr Deutschen 
Landwirtschaftlichen Gescllschaft. In Arb. dcr Deut. Landw. Gesell. 
125:1-51. 1907. 

Rodewald, H. Die Anwendung der Ausgleichsrechung bei der Ausnutzung von 
fcldmassigcn Anbauversuchen. In Mitt, der Deut. Landw. Ge.sell. 

22:353-355- 1907- 

Rodewald, H. Die Mitscherlichsche Ausgleichsrechnung zur Ausschaltung der 
Ungleichheit des Bodens auf den Versuchsfeldern. In Fuhlings Landw. 
Ztg. 69:371-378. 1920. (Abs. in Bull. Agr. Intell. & PI. Dis., 12:250.) 
Roemer, T. Vergleichende Anbauversuche. In Puhlings Landw. Ztg. 65:258- 
271. 1916. 

Roemer, T. Ueber die Technilc der Feldversuche. In Fuhlings Landw. Zeit, 
67:102-114. 1918. 

Rotmistrov, VV. Die Grundjirincipicn des Feldversuchs. In Russ. Jour. Kxpt. 

Landw. 4:645-672. (Abs. in German, pp. 672-1^7^. 1903.) 
Rotmistrov, W. Drei Melhoden zur Bestimmung dcr Ergcbnis.se von Feldvcr- 
.suchen. In Russ. Jour. Expt. Landw. 5*145-166. (Abs. in German p. 
167. 1904.) 

Rumker, K. Alassenanbauversuche mil Futterruben t‘ine ncuc Methode der 
Vorprufung. In Mitt. Landw. Inst, dcr Kuniglichcn Universitdt 
Breslau, 4:873-895. 1909. 

Scharnaukl. Zur Technik dcr Stammes und Sorlt^nprufung in Zuchwelschaften 
und Versuchstalionen. In Mitt. JJcutsch. Landw. Gcs. 39:58-61. 1924. 
(Abs. in Bot. Abs. 13708. 1924.) 

The Committee on Standardization of Teaching Work in Crojis and Soils sub¬ 
mitted a report from Dr. J. O. Morgan, Chairman of the Subcommittee on Crops, 
which was read by the Secretary. The report was adopted. 

Report of Subcommittee on vStandardization of Teaching Work in Field 

Crops. 

The following arc some of the data secured as a result of the questionnaire sent 
out to teachers of farm crops relative to the standard course in field croi)S. 

Replies were received from agronormsts at 39 of the l^and-grant Colleges. 
Of these, 24 state that they have adopted the standard course in field crojis as 
recommended by the committee, with, of course, such slight modifications as are 
found necessary due to the difference in local conditions. These 24 instil utions are: 
California, Colorado, Connecticut, Delaware, Florida, Illinois, Indiana, Kentucky, 
Kansas, Louisiana, Massachusetts, Michigan, Minnesota, Missouri, New Jersey, 
New Mexico, New York, North Carolina, Tennessee, Vermont, Virginia, West 
Virginia, Wisconsin, and Texas. 

The 15 institutions that have not adopted the course are: Alabama, Arizona, 
Idaho, Iowa, Maryland, Georgia, Montana, Nevada, North Dakota, Ohio, 
Pennsylvania, South Carolina, South Dakota, Washington, and Wyoming. 

Of these 15 institutions, the workers at Arizona, Iowa, Pennsylvania and South 
Carolina state that they are in sympathy with the course and hope to be able to 
get it adopted in their institutions within the next year or so. The institutions 
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that have not adopted the course give as their chief objections to the course that 
it is too general and contains information that rightly belongs to other depart¬ 
ments, or that it simply doesn’t suit their conditions. Some of them state that 
they prefer the individual treatment of field crops to the general or topical 
treatment. 

Of the 24 institutions that have adopted the course, 9 give the course in the 
freshman year, 9 in the sophomore year, 2 in the junior year, 2 in the freshman or 
sophomore year, and i in the junior or senior year. 8 institutions give the course 
as a 3-2 course (3 hours lecture or recitation and 2 hours laboratory). 5 institu¬ 
tions give the course as a 2-2 course, 2 as a 3-4 course, i as a 2-4 course, i as a 
2-1 course, i as a 1-2 course, i as a 2-3 course, i as a 3-6 course, and the other 
3 give the work almost entirely as a laboratory course, although they state that 
part of the time is used for lectures and recitations. 

18 of the institutions that have adopted this course require it of all agricultural 
students. 3 institutions state that the course is elective and the other 2 institu¬ 
tions did not say whether or not the course was required. 

Practically all of the institutions having adopted this course state that it has 
proved satisfactory with certain modifications. This applies particularly to the 
lectures or recitations. Workers at a number of the institutions which adopted 
the course state that they have not been able to follow very closely the outline of 
laboratory studies as jirepared by the committee on laboratory studies for the 
fundamental course in field crops, but those at themajority of institutions state 
that the outline is being followed rather closely, with, of course, certain modifica¬ 
tions, A few state that they have been able to correlate the lectures and labora¬ 
tory work, but most of them have found this rather difficult for the reason that 
certain laboratory exercises have to come at definite times, particularly field 
laboratory work. 

It appears that the showing made by the standard course in field crops is very 
gratifying, and that within just a few years all of the institutions will be giving a 
fundamental coifrse quite similar to this one. 

J. (). IVIoKOAN, Chairman Sub-Committee on Teaching Work in Field Crops. 

Dr. J. G. Lipman stated that inasmuch as certain revisions of the Constitution 
had been proposed, which vitally affected the function of the committee, the 
Special Committee on Honorary Members, Fellows and Publications, had no 
report to offer. 

The report of the Advisory Committee to the National Research Council was 
presented by Dr. J. G, Lipman. Upon motion the report was adopted. The 
report follows: 

Repokt of the Advisory Committee from the American Society of 
Agronomy to the National Research Council. 

In behalf of your committee, the chairman begs leave to report concerning 
certain of the activities of the committee since the last meeting of the Society. 
This report has to do largely with the particijiation of representatives of the 
Society in the Fourth International Conference of Soil Science; with the progress 
of investigations on the salt requirement of agricultural plants; and the research 
on the oxidation of sulphur in soils. 

THE INTERNATIONAL CONFERENCE OF SOIL SCIENCE. 

The First International Conference of Soil Science, or Agro-Geology as it was 
then designated, was held in Budapest, Hungary, April 14-24, 1909. The con- 
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fercnce was organized at the invitation of the Royal Geological Institute of 
Hungary and the meetings were held under the patronage of the Secretary of 
Agriculture. The program dealt with (a) general papers on agro-geology; (b) a 
consideration of soil types in different countries as based on available information; 
(c) projects for establishing a general classification of soils; (d) research methods 
for use in the field and in the laboratory. Official representatives of Belgium, 
Germany, Italy, Norway, Austria, Roumania, Russia and Hungary participated 
in this conference. The total numbc;r of delegates in attendance was approximate¬ 
ly 100. 

Among other things, it was decided at this conference to hold the Second Inter¬ 
national Conference in 1910 at Stockholm, Sweden. The then Swedish Minister 
of Agriculture was designated Honorary President of the Second Conference and 
the Secretary General of the Eleventh fnternational Congress of Geology was 
chosen as the Presidmg Officer. Reprc*sentatives of Argentine, Belgium, Bulgaria, 
Denmark, Egyj)t, France, Germany, Great Britain, Holland, Italy, Japan, Mexico, 
Norway, Austria, Portugal, Russia, Sweden, Switzerland, Spain and Hungary, 
were juesc'nt at this conference. There were altogether 170 i)articipants in the 
meetings. The ])rogram of the conferenc*e was arranged in six sections, namely, 

(1) the mec'hanical analysis of soils; (2) soil colloids; (3) the preparation of soil 
(‘Xtraets and their chemical analysis; (4) special investigations of soils; (5) classifi¬ 
cation, terminology and cartography of different types of soils; (6) soil conditions 
and problems in differt'nt countries. It was rt'solved to organize a committee on 
the status of soil investigations in diffcient countries. A second committee was 
designated on the preparation of soil extracts for the jiurposc of chemical analysis 
and a third committee on soil terminology It was further resolved to hold the 
Third International Conference at St. Petersburg, Russia, in 1914. Difficulties 
develojied, howc'ver, which made it impossible to hold the Third Conference at 
St. Petersburg. M('anwhile an invitation had come from the Government in 
Italy to hold the Tiiird Conference in Rome in 1914. The declaration of war 
lueveiited the accepting of this invitation. 

The Third International Confcrenc'c was held at Prague, Czechoslovakia, 
April 19--24, 1922, under the jiresidencv of Prof. M. Kopceky. Fifty delegates, 
representing Denmark, The Netherlands, Norw'ay, Sweden, Finland, Russia, 
Roumania, Jugoslavia, Poland, Hungary, vSwilzerland, Germany, Ukraine, Czecho¬ 
slovakia and the United States of America, jiarticijiatcd in the meetings. Our 
own country was rejirescnted by Prof. C, F. Marbut and the chairman of your 
committee. Communications expres.'ing interest in the aims and activities of the 
conference were received from Austria, England, Ireland, Italy, Japan, Dantzig, 
South Africa, hlgypt and France. The officers of the Third Conference were: 
Honorary President, Prof. Dr. E. Ramann, Munich; President, Prof. Dr. Joseph 
Kopecky, Prague; Vice-President, Dr. D. J. Hissink, Groningen; Secretary- 
Treasurer, Prof. Dr. F, Schucht, Berlin. The members of the General Committee 
included Prof. Dr. G. IVIurgoci, Bucharest; Prof. Dr. A. de Sigmond, Budapest; 
Prof. Doctor Peter Treilz, Budapest; Prof. Dr. A. Vesterberg, Stockholm and 
the chairman of your committee. The program of the conference was arranged 
under the following heads; (i) methods for the mechanical analysis of soils; 

(2) the physical examination of soils; (3) the chemical examination of soils; (4) soil 
acidity; (5) soil bacteriology; (6) soil cartography; (7) international publications 
on soils; (8) the organization of the fourth conference. Five committees were 
organized and made responvsible for the program of the Fourth Conference. 
The.se committees were constituted as follows: 
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1. Committee on the mechanical and phyical analysis of soils. Chairman, 
Prof. Joseph Kopecky, Prague. A subsection on soil biology was also 
established. Chairman, Dr. M. I. Girsbergjer, Zurich, 

2. Committee on the chemical analysis of soils. Prof. Dr, A. de Sigmond, 
Chairman. 

3. A Committee on soil bacteriology, under the chairmanship of Prof. Dr. 
Julius Stoklasa, Prague and the chairman of your committee. 

4. A Committee on Soil Nomenclature. Dr. Benjamin Frosterus, Helsingfors, 
Chairman. 

5. Committee on Cartography. Prof. Dr. G. Murgoci, Bucharest, Chairman. 

An invitation in behalf of the Italian Society of Agronomy was received from 
Dr. Borghesania, of the International Institute of Agriculture, to hold the Fourth 
Conference at Rome, Italy. It was decided to accept this invitation and to hold 
the Fourth Conference in Italy. A ccordingly, the Fourth International Conference 
was held at the International Institute of Agriculture at Rome on May 12-19, 
1924. The meetings, held under the patronage of His Majesty The King of Italy, 
were strikingly successful and were participated in by delegates from more than 
twenty countries. The organization of the International Committee was as 
follows. Honorary President, Prof. Dr. E. Ramann, Munich; Pre.sidents—Prof. 
Dr. G. Anderson, Stockholm; Prof. Dr. J. Kopecky, Prague, and Prof. Dr. G. 
de Angelis d’Ossat, Perugia; General Secretary, Dir. Dr. D. J. Hissink, Groningen. 
Members: Dr. A Bmno, Paris; Prof. L. Cayoux, Paris; Dir. Dr. B. Frosterus, 
Helsinefors, Colonel J. Girsberger, Zurich; Prof. Dr. K. Glinka, Petrograd; 
Dr. F'. Lohnis, Wa.shington; Prof. C. F. Marbut, Washington; Prof. Dr. G. 
Murgoci, Bucharest; Dr, V. Novak, Brno; Prof. Dr. G. Rossi, Portici; Sir John 
Russell, Rothamsted; Prof, Dr. F. Schucht, Berlin; Prof. Dr, A. A. J. de Sigmond, 
Budapest, Prof. Dr. J. Stoklasa, Prague; Prof. Dr. J. Zavadii, Brno, and the 
chainnan of your committee. The Italian Organization Committee was as 
follows: President,. Prof. Dr. G. de Angelis d’Ossat, Perugia; Secretary-Treasur¬ 
er, Prof. R. Peroti, Rome. Members; Dr. G. Borghesani, Rome; Ing. E. 
Clerici; Ing. C. CVema; Ing. 11 . Del. Pelo Pardi; I>, A, de Dominicis, Portici; 
Prof. G. Gola, Padova; Prof M Gortani, Pavia; Prof. G. Lo Priore, Modena; 
Prof. O. Marinclli, Firenze; Prof. A. Martelli, Firenze; Prof. A. Menozzi, Milan; 
Prof. V. Novarese, Rome; Prof. E. Pantanelli, Bari; Dr. U. Pratolongo, Milan; 
Prof. G. Rossi, Portici; Dr. J. M. Saulnier, Rome; Prof. A. Stella, Torino; 
Prof. G. Tommasi, Rome; Prof. P. Vinassa de Regny, Parma. 

The delegates included representatives from Germany, Belgium, Denmark, 
Egypt» Spain, France, England, Ireland, Greece, Japan, Norway, The Nether¬ 
lands, Poland, Rumania, Russia, Sweden, Czechoslovakia, Palestine, Switzerland, 
Hungary, Austria, Italy, Jugoslavia, Finland, Latvia, India, Canada, Cuba, Chile 
and the United States of America. The last-named country was represented by 
Messrs. R. V. Allison, R. M. Barnette, A. Itano, M. M. McCool, S. A. Waksman, 
C. F. Marbut and J. G. Lipman. A large number of papers were presented and 
much progress made in the interchange of ideas among the delegates from the 
different countries. The program of the conference was divided into six sections, 
namely: I, Subsection a,—-the mechanical and physical study of soils; Subsection 
b—the application of soil science to soil amelioration; II, the chemical study of 
soils; III, bacteriological and biochemical study of soils; IV, nomenclature and 
classification of soils; V, soil cartography; VI, plant physiology and its relation 
to soil science. 

The conference was officially opened in the forenoon of May lith with a 
rec^tion to the delegates and members of the Societa Agronomica Italiana on 
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the Pincian Hill. Regulai sessions were held on Friday, May iith, to Saturday, 
May 19th, inclusive. Receptions, entertainments, and excursions were made a 
part of the program. At different times, the delegates and members were guests 
of the Municipality of Rome, and of the Italian Minister of Agriculture. Ex¬ 
cursions were made to the Alban Hills, Pontine Marshes and to the country around 
Naples. 

The delegates organized an International Society of Soil Science, whose constitu¬ 
tion is appended to this report. Your chairman was elected president of the newly 
organized international society. It was voted to hold the Fifth International 
Conference of Soil Science at Washington, D. C., in 1927. The conduct of the 
Internationale Mitteilungen fiir Bodenkunde, the official organ of the society, 
was entrusted to a board of editors consisting of Professors K. Glinda, D. J. 
Hissink, J. G. Lipman, G. Murgoci, E. Ramann and F. Schucht. Prof. Dr. P. 
Schucht, Berlin-Wilmersdorf, was elected editor-in-chief of the publication. Fur¬ 
ther information concerning the proposed organization of the Fifth International 
Conference may be found in the circular issued by Dr. D. J. Hissink for circulation 
in Holland. A copy of the translation of this circular is also appended to this 
report. 

Since the American Society of Agronomy and the National Research Council 
have been officially represented in the Fourth International Conference of Soil 
Science, it would be well for the Society to lend its support toward the successful 
organization and conduct of the forthcoming conference. Your committee would 
recommend the following: 

1. The appointment of an organization committee, which should have power 
to add to their members. 

2. The organization of subcommittees on (a) program, (b)publicity, (c)trans- 
portation, (d) finance, (e) cooperation with other societies. 

3. A committee on membership of the International Society of Soil Science 
should be appointed and entrusted with the responsibility of determining 
on a policy of coordinating the activities of the American Society of 
Agronomy, the Association of Soil Survey Workers and the International 
Society of Soil Science. 

In behalf of the Committee the chairman wishes to submit herewith a report 
prepared by Dr. A. G. McCall on the activities of the Subcommittee on The 
Mineral Salt Requirement of Plants as well as of the Subcommittee on Sulphur 
Fellowships. 

REPORT OF THE SUB-COMMITTEE ON MINERAL SALT REQUIREMENT OF PLANTS. 

Dluing the past year no new work has been inaugurated by this committee. 
Steps have been taken, however, toward the formulation of a report giving a brief 
account of the recent work with solution cultures and with sand cultures. A 
complete bibliography with brief summaries for each title has been prepared for 
the committee by Dr. R. P. Hibbard of the Michigan Agricultural College. It is 
expected that the Committee will have a complete and final report to present at 
the annual meeting of the Society in I 925 » 

A. G. McCall, Chairman. 

REPORT OF THE COMMITTEE ON SULPHUR FELLOWSHIPS. 

During the past two years work under the auspices of this committee has been 
in progress at the following institutions: University of California, Washington 
State Experiment Station, Kansas Agricultural College, University of Toronto, 
Ohio State University, Michigan Agricultural College, Clemson College, South 
Carolina, Florida Experiment Station, University of Pennsylvania, and the Uni- 
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versity of Maryland. Diiring the present year, work has been discontinued at all 
of the institutions except that at the University of California and at the Univer¬ 
sity of Maryland. The final results of these investigations will be published from 
time to time as experiment station bulletins or as journal articles. 

The Texas Gulf Sulphur Company has approved the continuation of the study 
of the effect of sulphur on alkali soils at the University of California, and the study 
of the effect of sulphur on nematode infestations which is being conducted under 
the joint auspices of the University of Maryland and the U. S. Department of 
Agriculture. A. G. McCali-, Chairman. 


APPENDIX 

Constitution of the International Society of Soil Science. 

1. The Society shall be called the “International Society of Soil Science.” 

2. The object of the Society is the study and promotion of soil science in general 
by means of : 

(a) the organization of Congresses and Conferences; 

(b) the formation of Sections and Committees; 

(c) the publication of a review; 

(d) the institution of a Central Office for Soil Science bibliography (doc‘u- 
mentation) at the International Institute of Agriculture at Rome. 

4, The Fourth International Conference founds the International Society of 
Soil Science. Persons taking part in this Conference have the right to join 
the Society as foundation members. Any individual or body corjiorate 
engaged in the study of soil science is eligible for ordinary membership of 
the society. The names of new members must be proposed by two members 
and will be published in the review. 

6. For iiarticular countries sections may be formed within the Society either 
for the study of soil science in general or for the study of certain aspects of 
the subject. 

Every Section consisting of more than 15 members has the right to be repre¬ 
sented on the General Committee by one member. 

7. The Society carries out its work through the following bodies. 

(a) the Executive Committee (Bureau). 

(b) the General Committee. 

(c) the vSub'Committees. 


The duties of the General Secretary may be discharged by one of the other 
members of the Excaitive Committee. 

11. The Congress is under the General patronage of the International Institute 
of Agriculture in Rome. 

13. The scientific work of the Congress consists in the presentation of reports, 
discussions, demonstrations, and where desirable in the arrangement of 
exhibitions. 

14. The Review is published by the Executive Committee under the direction 
of the editor. The printing and publication is undertaken by the Inter¬ 
national Institute of Apiculture in Rome. It will appear in separate numbers 
forming an annual volume beginning with January i, 1925. It is a purely 
scientific review for original work on general soil science. 

It also serves the following purposes: 

(a) The establishment of as full a conspectus as possible of the most recent 
publications concerning soil science as a whole and kindred subjects. 

(b) Abstracts of the most important of the recent publications. 

(c) Publication of information relating to the activities of the Society in 
English, French, German, Italian and Spanish. 

15. The Executive Committee will supply the editor with the staff and means 
to carry out his work. The Sections and Sub-Committees appoint their own 
assistants, whose business it is to collect the documentation and to publish 
information relating to the Society so far as it relates to the special work of 
the Section or Sub-Committee. 
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16. The members of the Society are entitle<i to receive the Review gratuitously 
after i)ayment of their annual subscription. 

17. The funds of the vSociety are provided as follows: 

(a) by the annual subscription of members; the amount to be fixed each 
year by the Executive Committee; 

fb) by the amounts of the subscriptions to the Review and advertisements 
charges, as well as by the sale of rejirints and special publications; 

(c) by voluntary contributions. 

InternatioxNal Societv of Soil Scie.xce 
In May 1924, the fourth Congress of Soil Science took place in Rome with the 
participation of numerous scientists from nearly all nations of the world. In its 
last meeting—Monday 19th of May—the Congress decided to cre^ate an Inter¬ 
national Society of Soil Science. Thti undersigned have the honor to inform you 
that they have joined tliis Society as rt'gular members. All details concerning 
the aim of the Society, the constitution of its Board and the contributions for 1924 
will be found in the A])pendix below: 

We advist' you to become a member of the Association. If the number of 
Dutch members happ('ns to he large enough, it is our plan to organize a special 


branch for Holland. 

Prof. J. van Baren ... ... Wageningen 

Eng. W. G. Bijl, ... Hoofddorp 

Dr. F G. Gerretsen. . . . Groningen 

Dr. D. J. Hissink. . . . Groningen 

Eng. J. F. Lightenberg . ... Den Haag 

Eng. C. E. W. Van Zanhuys. . . . Den Haag 

Dr. I. (^an dcr vSpek. . . . Groningen 

Dr. P. Tesch . . .Haarlem 

Dr. K. Zijlstra . . . Groningen 

APPENDIX 

The aims of the Society of Soil Science are: 


(1) The organization of Congresses and Meetings; 

(2) The organization of Sections and Committees for the study of special 

subjects; 

(3) The publication of a Journal; 

(4) The institution of a central service of documentation by the International 

Institute of Agriculture of Rome, 

The Society will have its headquarters in Rome. Local branches can be 
organized in each country; these branches have the right to appoint a repre¬ 
sentative to the Society. 

The next Soil Congress will beheld in America—“Die Internationale Mitteilun- 
gen fur Bodenkunde” wall remain the official organ of the Society with Prof. 
Schucht as editor. The .service of documentation wall be placed in the hands of 
Dr. Borghesani and located in the building of the International Institute of 
Agriculture. 

Administration of the Society Seat in Rome 
Honorary Committee—Prof. Dr. E. Ramann, Munich; Prof. Dr. L. Cayeuk, 
Paris; Prof. Dr. G. Glinka, Petrograd; Prof. Josef Kopecky, Prague; Prof. Dr. 
G. Hurgoci, Bucarest; Sir. J, E. R. Russell, D.Sc., F.R.S., Rothamsted, Har- 
penden; Prof. Dr. Winogradsky, Russia. 

Executive Committee—Prof. Dr. Jacob G. Lipman, New Brunswick, (U. S. A.), 
chairman; Dr. D. J. Hissink, Groningen, assistant chairman; Prof. G. de 
Angelis d'Ossat, Rome; Dr. Benh. Frosterus, Helsingfors, vice-chairman; a 
member ^pointed by the International Institute of Agriculture of Rome. 
Dr. D. J. Hissink, Groningen, Secretary General; Prof. Dr. F. Schucht, Editor 
of the Journal; Dr. G. Borghesani, Rome, librarian. 

General Board—Prof. Andre, Paris; Prof. Kso, Tokyo; Dr. Christensen, Copen¬ 
hagen; Prof. Hesselman, Stockholm; Dr. Hiklazewski, Varsaw; Prof. Novarsee, 
Rome; Dr, Novack, Brunn; Prof, von Sigmond, Budapest; Prof. Stoklasa, 
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Prague; Prof. Mitscherlich, Konigsberg; Prof. Harbut, Washington; Ing. 

Girsberger, Zurich. 

The last six members have their place in the General Board as chairmen of the 
following committees; 

(i) mechanical and physical soil survey; (2) chemical soil survey; (3) bacterio¬ 
logical soil survey; (4) soil survey in relation to plant nutrition; nomenclature, 
classification, cartography; (6) soil survey in relation to cultivation (soil prepara¬ 
tion). 

Controllers—Prof. Dr. R. Perotti, Rome; Dr. K. Zijlstra, Groningen, a member 

from America to be appointed by Dr. Lipman. 

The members agree to contribute for 1924 a sum of at least two dollars to be 
sent to the General Secretary (Dr. D. J. Hissink, Herman Colleniusstraat 25, 
Groningen). In view of the establishment of a fund, all higher contributions 
will be welcomed. It is hope that financially strong Institutions and Companies 
will make a special effort to support the fund. 

The contribution for 1925 will be determined later. But it can already be 
stated that it will be hardly more than two dollars. The members will receive 
the Journal gratis beginning January i, 1925. 

It was moved and carried that the incoming Executive Committee in consulta¬ 
tion with the President of the Congress immediately appoint a committee to 
assist in making necessary arrangements for the International Congress of Soil 
Science to be held in Washington, D. C., in 1927. 

Prof. J. F. Cox reported for the Committee on Intercollegiate Grain Judging 
Contests, giving a brief statement of the contest held. The report follows: 

Report of the Committee on Intercollegiate Crops Judging Contest. 

The first intercollegiate crops contest was held in Chicago, December 6,1923, 
in connection with the Hay and Grain Show of the International Livestock 
Exposition. Considerable difficulty was experienced in securing a suitable place 
to hold the contest, which made it impossible to begin on schedule time. This 
difficulty will not be encountered in staging future contests. Teams from seven 
agricultural colleges participated in the contest. 

This year the con^-est will be held Saturday, November 29. The crops contest 
needs the s*ame financial backing as is given the livestock contest and it is the aim 
of the committee to bring this about during the year if possible. 

A. C. Arny, 

C. A. Helm, 

S. C. Salmon, Committee, 

Dr. C. R. Ball, the representative .of the Society on the joint committee with 
the phytopathologists, on the Terminology of Physiologic Entities in Fungi, 
presented the following report which wa^ accepted: 

Report of Committee of the American Society of Agronomy on 
Terminology of Certain Fungous Entities, 

The undersigned were the representatives of this Society on a joint committee 
which had representatives also from the Ph3rtopathological Society and the 
Mycological Section of the Botanical Society of America. Dr. C. L. Shear was a 
representative from each of the three societies on this joint committee, the other 
member from the Phytopathological Society being Dr. E. C. Stakman and the 
second member from the Mycological Section being Dr. H S. Jackson. A meeting 
was held in Washington in midsummer at which Dr. Stalanan and the two 
representatives of this Society were present. At this meeting the following agree¬ 
ments were reached: 

I. The word ‘‘physiologic*' or “physiological" is to be used instead of 
“biologic" or “^ecialized" for those forms, races or strains of fungi 
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which are differentiated by physiological means such as inoculations on 
a series of differential hosts. 

2. The use of the word “form” in connection with fungi shall be restricted 
to physiological entities, and it shall not be used to designate entities 
separable primarily by morphological characters. 

3. The term “physioform” to denote forms recognized by physiological ac¬ 
tion was suggested, but no action was taken pending further consideration. 

Dr. Jackson later approved the recommendation of the committee for the 
use of the word “physiologic.” He also approved the use of the word “form” 
rather than “race” or “strain.” He further records himself as being in favor of 
the term “physioform.” Respectfully submitted, 

C. R. Ball, 

C. L. Shear, Committee. 

The revisions of the Constitution as proposed at the last annual meeting of the 
Society were read by the Secretary and each article was separately adopted. The 
revised Articles IV, VI, Via and VII were given in the minutes of the sixteenth 
annual meeting published in Volume 15, No. 12, of the Journal. 

The Secretary reported for the Executive Committee, recommending that a 
Southern Section of the Society be formed, that the American Soil Survey As¬ 
sociation and the Western Canadian Society of Agronomy be invited to affiliate. 
The report was adopted. 

It was moved and carried that the new Executive Committee appoint a com¬ 
mittee to cooperate in the organization of the proposed International Congress 
of Plant Sciences. 

Dr. M. J. Funchess reported for the Auditing Committee that the books of 
the Treasurer had been examined and found to be well-kept and correct. The 
report was adopted. 

The report of the Committee on Resolutions was given by the Chairman, 
Dr, C. E. Leighty, as follows: 

I. Resolved: That the thanks of the Society be extended to the management 
of the New Ebbitt Hotel for the facilities provided for the seventeenth 
annual meeting. 

II. Resolved: That the Society express its thanks to the leaders of the symposia. 
Prof. E. G. Montgomery, Dr. K. F. Kellerman, Prof. H. R. Sumner, Dr. 
W. L. Burlison, and Prof. Emil Truog, for their painstaking efforts in ar¬ 
ranging the several programs. 

III. Resolved: That the thanks of the Society be extended to its Secretary, 
P. E. Brown, its President, Prof. M. F. Miller, and its Editor, Dr. R. W. 
Thatcher, for their painstaking and efficient work (during the past year, 
in behalf of the Society) and to Dr. R. A. Oakley for arranging the details 
for the meeting in Washington. 

IV. Resolved: That the Society express its deep sense of bereavement in the loss 
of our beloved Secretary of Agriculture, the Honorable H. C. Wallace, and 
that we extend to Mrs. Wallace and the other members of the family our 
deepest sympathy in their great sorrow. C. E. Leighty, 

Emil Truog, Committee, 

The report of the Committee was adopted. 

Director S. B. Haskell, Chairman, presented the following report of the 
Nominating Committee. 

President— C. W. Warburton, ist Vice-Pres.— A. G. McCall, 2nd Vice-Pres,— 
W. L. Burlison, 3rd Vice-Pres.—M. J. Funchess, 4th Vice-Pres,—E. P. Gaines, 
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Representative on the National Research Council for 5 years—R. A. Oakley, 
Representatives on the A. A, A. S. Council—L. E. Call and Emil Truog, Repre¬ 
sentatives on the Council of the Biological Union—R.W.Thatcher and P.E.Bear. 

It was moved and carried that the report of the Committee be adopted and the 
Secretary cast a imanimous vote for the officers nominated. The vote was cast 
and the officers declared elected. 

The President-elect, Prof. C. W. Warburton, was called on and responded with 
brief remarks in which he thanked the Society for the honor conferred upon him 
and pledged his best efforts to the furtherance of the interests of the Society. 
The meeting then adjourned. 

Morning Session, Tuesday, November ii. 

The program on Tuesday was in two sections, one on Soils and one on Field 
Crops. 

The Soils program consisted of a symposium on “Soil Colloids’* arranged by 
Prof. Emil Truog and the following papers were given: 

1. “The Chemical Nature of Soil Colloids.” 

Dr. Richard Bradfield, University of Missouri. 

Discussion: Drs. M. S. Anderson, Sante E. Mattson and W. O. Robin¬ 
son, Bureau of Soils, U. S. D. A.; Dr. F. W. Parker, Alabama Agri¬ 
cultural College. 

2. (a) “The Colloidal Content of Soils.** 

Dr, P. L. Gile. Bureau of Soils, U. S. D. A. 

(b) “The Colloidal Determination in Mechanical Analysis.’* 

Dr, R. O. E. Davis, Bureau of vSoils, U. S. D. A. 

Discussion; Dr. A. B. Beaumont, Massachusetts Agricultural Col¬ 
lege; Dr. Richard Bradfield, University of Missouri. 

3. “The Significance of Soil Colloids, Especially in Relation to Plant Feed¬ 

ing, and Leaching and Fixation of Essential Elements." 

Prof. Emil Truog, University of Wisconsin. 

Discussion: Drs. A. G. McCall and N. E. Gordon, University of Mary¬ 
land; Dr. B. L. Hartwell, Rhode Island Agricultural College; Dr. 
C. S. Scofield, Bureau of Plant Industry, U. S. D. A. 

4. “The Effect of the Colloidal Content on the Physical Properties of Soils.** 

Dr. George Bouyoucos, Michigan Agricultural College. 

Discussion: Drs. R. O. E. Davis and H. E. Middleton, Bureau of Soils, 
U. S. D. A. 

5. “Climatic Agencies in Relation to Soil Colloids." 

Prof. R. M. Salter, Ohio State University. 

Discussion; Prof. S. D. Conner, Purdue University. 

The Field Crop program was on *‘The Legume Problem" and was under the 
leadership of Prof. H. R. Sumner. The following papers were read: 

1. “The Economics of Increased Legume Production." 

Dr. R. A. Oakley, Bureau of Plant Industry, U. S. D. A. 

2. “The Utilization of Legumes in the Rotation.’* 

a. In the East 

Prof. John H. Barron, Cornell University. 

b. In the Middlewest 

Prof, Ralph Kenney, University of Kentucky. 

c. In the Northern Great Plains 

Prof. A. J. Ogaard, Montana State College. 
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d. In the South 

Dr. M. J. Funchess, Alabama Agricultural College. 

3. “The Function of Annual Legumes." 

Prof. E. E. Barnes, Ohio State University. 

4. “The Future of Sweet Clover in the Corn Belt." 

Prof. H. D. Hughes, Iowa State College. 

5. “The Inter-dependency of a Legume Program with Other Agricultural 

Projects in Extension Work." 

Prof. 0 . S. Fisher, Agricultural Extension Division, U. S. D. A. 

6. “A State Wide Camj)aign for More Legumes." 

Prof. P. F. Schowengordt and Prof. C. E. Carter, University of 
Missouri. 

Afternoon Session, Tuesdav, November 11. 

The afternoon program of the Soils Section consisted of a symposium on 
“Nitrogen Fixation" arranged by Dr. K. F. Kellerman. The following papers 
were given: 

1. “Chemical Nitrogen Fixation." 

Dr. F. G. Cottrell, Fixed Nitrogen J.aboratory, Washington, D. C. 

2. “Bacterial Nitrogen Fixation." 

Dr. F. Lohnis, Bureau of Plant Industry, U. S. D. A. 

3. “Nitrogen Fixation under Field Conditions." 

Dr. J. G. Lijiman, New Jersey Agr. Expt. vSta. 

4. “Soil Inoculation with Azotobacter." 

Dr P. E. Brown, Iowa State College. 

5. “Recent Results of Inoculation,Especially with Garden Peas for Canning." 

Dr. A. L. Whiling, University of Wisconsin. 

The jirograin in the Field Crops Section was on “Plant Physiology and Agro¬ 
nomic Science" arranged by Dr. W. L. Buiiison. The following papers were 
presented: 

1. “\Miy Agronomy Needs Research in Plant Physiology." 

Dr. Carleton R. Ball, Bureau of Plant Industry, U. S. D. A. 

2. “The Desirability of a Knowledge of the Storage and Utilization of 

Organic Reserves in Croj) Production." 

Dr. E. J. Kraus, University of Wisconsin. 

3. “The Relation of Plant Physiolog>^ and Chemistry to the* Study of 

Disease Resistance in Plants." 

L)r. James G. Dick.son, University of Wisconsin. 

4. “What Contributions of fdant Physiology will Most Benetit the Agrono¬ 

mist." 

Dr. Charles F. Hottes, University of Illinois. 

5. “Points of Agronomic Interest m the Physiology of Germination." 

Dr, Wm. Crocker, Boyce-Thompson Institute. 

6. “Soil Moisture in Relation to the Growth of Crop Plants." 

Dr. H. L. Shantz, Bureau of Plant Industry, U. S. D. A. 

7. “Hydrogen-ion Concentration of the Soil Moisture with Reference to 

Plant Growth." 

Dr. Lewis Knudson, Cornell University. 

The entire meeting was most successful and enjoyable. One hundred and eighty 
registered, and a considerable number who did not register attended some of the 
sessions. The total attendance was over 200. 


P. E. Brow'n, Secretary, 
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